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ABSTRACT

This report contains information on dynamic loading simulation devices that
were either designed or i-,.0. be modified for use in studies of protective
construction. The information includes the following items: 1) the type of
device,-2) the owner and location, 3) the loading characteristics, 4) the
physical description, 5) the driver used, and 6) a short discussion concerning
the device and its present use. Pictures and diagrams are also furnished for
the majority of the devices.
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SECTION I

INTRODUCTION

1. Objectives

The objective of this document is to catalog, in terms of their usefulness

as nuclear blast simulators, the known dynamic-loading devices located in mili-

tary and civilian scientific laboratories throughout the United States. The

majority of these devices are designed to simulate the dynamic characteristics

of a nuclear burst. The remainder are adaptable, with but minor modifications,

to simulate most of the loading characteristics of a nuclear detonation.

2. Background

A genuine need exists for thoroughly documenting-the major dynamic-loading

devices used in protective construction research. In conjunction with this

need a brief look at prior-efforts and published reports is presented.

In November 1961, Mr. E. B. Ahlers, IIT Research Foundation, authored a

final report, "Experimental Methods of Determining the Behavior of Under-, ound

Structures Under Dynamic Loads," (Ref. a) for the Office of Civil and Defense

Mobilization (OCDM). Subsequently, Dr. Richard D. Woods wrote his master's

thesis during 1962 and later published it as an Air Force Weapons Laboratory

Technical Report (Ref. b). Both of these authors limited the material in their

publications to devices that were in current use as nuclear blast simulators.

In April 1965, the Defense Atomic Support Agency Data Center published a report,

DASA 1627, entitled "Blast and Shock Simulation Facilities in the United Kingdom,

Canada, and the United States," (Ref. c) which included blast simulation facil-

ities discussed at the Tripartite Technical Cooperation Program (TTCP) meeting

on 16 March 1964.

The Ahlers report discusses the problems encountered in designing experi-

merits, scaling relationships, limitation of soil chamber dimensions, and the

shock and soil properties. It investigates the theory of various types of dy-

namic loading devices, the reproductibility of the shock strengths for a series

of firings, the versatility of different loaders, and the different media used

as drivers.

Dr. Woods, while working on a Masters Degree in Civil Engineering at the

University of Notre Dame, was assigned to work on an Air Force contract for

I
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protective construction research. This project required that Notre Dame develop

a direct shear apparatus for testing soils under both static and dynamic loads.

A by-product effo-t included a thorough literature search, and it was during

this search that a review of existing testing equipment was made. This re-

view is reported in Chapter 3 of rtference b.

DASA 1627 (Ref. 2) reports on military laboratories both stateside and

abroad. It relates the investigational philosophy used at various laboratories,

the description and specifications of the devices, test parameters used princi-

pally for their investigations, limitations of available facilities, the instru-

mentation used, and future plans.

Since the publication of these documents, numerous new devices have been

designed and installed;-other existing devices have been modified. The complex-

ity of a facility or laboratory and its philosophy is not discussed jn this

document since it is assumed that-such items will be included elsewhere.

3. Discussion

Now that the Test Ban Treaty is in effect, simulated nuclear testing must

suffice. Research efforts are accomplished through in-house laboratories such

as those shown in figures 1 and 2 and through contracts with research organiza-

tions as illustrated in figures 3 and 4. Government and private funds continue

to be used for the construction of simulation devices and laboratories to

produce the varied phenomena analogous to those produced by the detonation of

a nuclear device.

Not all the simulators listed in this report are used for the investigation

of basic phenomena associated with the response of soils and structures under

dynamic loads. Some are used simply to study shock waves, others are used to

study the effects of shock waves on animals, while yet others are used to study

the effects of a shock wave on re.-entry shapes. All could be utilized, some

with minor modifications, as an aid to conducting research in the areas of

protective construction and protective structures.

In the modern generic sense, protective construction or protective structures

mean buried or partially buried structures in soil. The offices of Civil and

Defense Mobilization (OCDM) and the Department of Defense (DOD) have for many

years been performing research in the field of protective contstruction. There-

fore, this report should be valuable as an aid in avoiding duplication of devices

at various laboratories.

2
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4. Conclusion

The loading devices reported herein are placed in four categories: (a)

Ram Loaders, (b) Shocld Tubes, (c)-Plane Wave Loaders and (d) Miscellaneous

To standardize the presentation of-information on the various loading de-

vices, the following format is used: (a) title, location and owner, (b) the

loading characteristics and physical description, (c) the driver and controls,

(d) availability, (e) a short liscussion and (f) the references citing the

source of the material.

5. References

a. Ahlers, E. B., "Experimental Methods of Determining Behavior of Under-
ground Structures under Dynamic Loads," IIT Research Foundation
report, November " 9 6 1.

b. Woods, R. D., "Preliminary Design of Dynamic/Static Direct Shear
Apparatus for Soils, and Annotated Bibliographies of Soil Synamics and
Cratering," RTD-fDR-63-3050.

c. DASA Report 1627', "Blast and Shock Simulation Facilities in the United
Kingdom, Canada, and the United States," April 1965.
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1. TITLE AND/OR TYPE: Air Force-MDI 50-Kip Dynamic Ram Loade-

2. LOCATION: Eric H. Wang Civil Engineering Research Facility
Area Y
Sandia Base, New Mexico

3. OWNER: U. S. Air Force

4. LOADING CHARACTERISTICS:

a. Force: Minimum (Ibs) 100 Maximum (Ibs) 50,000

b. Rise Time: Adjustable from 1.5 to 50 milliseconds

c. Dwell Time: Adjustable from 0 to 1 minute

d. Decay Time: Adjustable. from 20 milliseconds to 30 seconds

e. Constant Velocity: Adjustable from 4 to 750 inch/minute

5. PHYSICAL DESCRIPTION (Figures 5 & 6)

a. Height: 139.75 to 144.75 inches

b. Width: 88 inches

c. Depth: 48 inches

d. Weight: 8600 pounds

e. Maximum 3troke: 5 inches

f. Main Piston Area: 31.25 sq. incheu

g. Clearance between specimen grips:
14 to 74 inches

h. Operating Pressure: 2000 psi

6. DIRIVER: Pneumatic-Hydraulic system

7. CONTROLS: A control console which will allow the operator to pre-
program the tests within the limitations of the loading characteristics
given above.

10



FIGURE 5. AIR FORCE -MDI 50-KIP DYNAMIC RAM LOADER
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8. AVAILABILITY: Available to other government agencies and-to
contractors of the United States Government on contracts requiring
testing-within the ram loader limitations. Scheduling is con-
trolled by the Air Force Project Officer and the Director of the
Facility.

9. OTHER CONSIDERATIONS: The reaction frame is designed to contain
the loader with a maximum column stretch and/or horizontal head
deflection of 0.10 inch. Vertical adjustment of the horizontal
head is provided in increments of 3/4 of the total ram stroke from
1 foot minimum to a maximum of 6 feet level above the floor. The
foundation is so designed that the portion of the foundation
supporting a soil bin will be completely isolazed from that part of
the foundation supporting the reaction frame. The complete founda-
tion is designed that a 3 millisecond minimum delay shall exist
between the signal produced upon impact of the ram (to-sample) and
a return signal traveling through the reaction frame into the foun-
dation and up into the soil bin.

10. DISCUSSION:

This machine is designed for two separate operating modes:

a. Force-time, tension or compression.

b. Constant velocity, tension or compression.

Mobile carts, 4 feet wide, 4 feet long and 3 feet deep. were
designed and manufactured to be used with this machine. TIis device
will be used in the study of dynamic properties of materials. Be-
tween the ram loader for dynamic testing and the 300-Kip Riehle
Universal Testing Machine for static testing, the laboratory can
test all types of materials.

11. REFERENCE:

a. "Design and Construction of a Gas Powered Dynamic Ram Loader
Device and Accessories," Project Engineers Contract Folder, Contract
AF 29(601)-5805, James A. Mahoney, Project Engineer, Air Force
Weapons Laboratory, K'rtland Air Force Base, New Mexico, February 1963.

b. Stewart, William and Yang, Robert, "Instruction Manual-
Dynamic Loading Machine," Machinze Dynamics Incorporated, 660 So.
Arroyo Parkway, Pasadena. California for AFWL-KAFB, New Mexico,

Contract AF 29(601)-5805, pages 1, 2, & 3, December 1963.

13
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B-2

1I. TITLE AND/OR TYPE: Dynamic Triaxial Test Apparatus

2. LOCATION: U. S. Army Engineer Waterways Experiment Station,
Vicksburg, Mississippi

3. OWNER: U. S. Army

4. LOADING CHARACTERISTICS: A. rigid yoke moving at constant velocity
impacts upon the triaxial cell piston and drives it to axially deform
cylindrical soil specimens at constant rates. Particular loading
characteristics are as follows:

a. Force: Minimum (lb) 1 Maximum (lbs) 1200

b. Rise-time: Time to failure of soil specimens variable from
10 msec to i sec

5. PHYSICAL DESCRIPTION (Figure 7):

a. Height: 6 feet

b. Width: 2-1/2 feet

c. Depth: 1-1/2 feet

d. Operating pressure: 800 psi

e. Ram stroke: 4 inches

6. DRIVER: Controlled hydraulic flow under 800-psi gas pressure with
yoke velocities ranging from 0.14 to 13.0 inches per sec

7. CONTROLS: Electrically controlled solenoid valves and series of
manual valves

8. AVAILABILITY: Testing thot is considered within the capabilities
of the apparatus may be conducted for other interested agencies on a
priority basis. Inquiries should be sent to: Director, U. S. Army
Engineer Waterways Experiment Station, P. O. Box 631, Vicksburg,
Mississippi 39181.

9. OTHER CONSIDERATIONS: Maximum size of specimen which can be tested
is 1.5 inches in diameter by 3.0 inches long. Maximum acceptable
sample deformation at a constant deformation rate (between 0.14 and 13
inches per sec) is about 1.5 inches. Confining pressures up to 100 psi
can be supplied.

14
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10. DISCUSSION: The dynamic triaxial test apparatus provides a means
for studying soil properties under loadings much faster than the
corventional triaxial test. The test is a strain-controlled-type test.
The loads developed and the motion of the piston are measured con-
tinuously as- a function of time.

11. REFERENCE:

U. S. Army Engineer Waterways Experiment Station, Technical Report
No. 3-599, "Dynamic Bearing Capacity of Soils; Report 5, Vertical
Displacements of Spread Footings on Clay: Static and Impulsive
Loadings," vaptember 1963, Appendix A.

16



C-2

1. TITLE AND/OR TYPE: Dynamic Loading Apparatut (Small Ram)

2. LOCATION: IIT Research Institute
Techrilogy Center
10 W. 35th Street
Chicago, Illinois 60616

3. OWNER: IIT Research Institute

4. LOADING CHARACTERISTICS:

a. Force: From 0 to-520 pounds with a 13-msec valve opening

b. Rise Time: 2 to-5 milliseconds

c.- Dwell Time: Variable

d. Decay Time: Determined by the length-of time the solenoid
is actuated; and a sudden decay to zero force (approx. 5 msec) after
the hydraulic valve is closed.

5. PHYSICAL DESCRIPTION (Figure 8): The apparatus consists of a
nitrogen bottle, capable of delivering 2400 psi; an air pressure
regulator; and an air accumulator; a hydraulic accumulator; a solenoid
operated hydraulic valve; and a hydraulic cylinder.

6. DRIVER: Nitrogen and hydraulic system

7. CONTROLS: A Barksdale a-c. solenoid, 3-way valve

8. AVAILABILITY: Contact address above for inquiry

9. OTHER CONSIDERATIONS: Test frame allows the ram to be used both

in an inclined position as well as vertical. This apparatus might
well be considered a portable loading device. The Armour Glass Box
and 4-foot-square soil bin are just two of the many accessories that
can be utilized with this ram loader.

10. DISCUSSION: This device has been used in the study of soil-
structure interaction for buried structures. The apparatus has been
used in conjunction with a large circular soil bin for footing tests

and an analytical and experimental investigation of the axial loadings

of silo linings generated by skin friction effects at the structure-

soil interface. One study for the Structures Branch of the Air Force

Weapons Laboratory gave the initial impetus for the development of
this device. The study was cplled "Design and Analysis of Foundations
for Protective Structures." It is planned to use this device in a

future study of the soil-related dynamic problems of fluidization.

17
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11. REFERENCES:

a. Shenkman, S., and McKee, K. E., "The Armour Research Foundation
Dynamic Soil Facility," Armour Research Foundation Pamphlet, page.; A-6, A-7,
A-12 and A-13, 7 December 1961.

b. McKee, K. E., "Design and Analysis of Foundations for I.rotective
Structures," Appendix A., AF6WC-TN-61-14, Armour Research Foundation, Chicago,
May 1961.
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D-2

1. TITLE AND/OR TYPE: Dynapak Loading Machine

2. LOCATION: U. S. Army Engineer Waterways Experiment Station,
Vicksburg, Mississippi

3. OWNER: U. S. Army

4. LOADING CdFARACTERISTICS: Machine applies controlled static and
impulsive driving forces to a vertical load column. Specimen
loadings are the combined result of the driving force and the inertia
force generated by the load-column assembly (minimum weight approxi-
mately 160 lbs) as the specimen deforms. Characteristics of the
impulsive driving forces are as follows:

a. Force: Minimum (lbs) 500 Maximum (lbs) 50,000*

b. Rise Time: Variable between 3 and 150 msec

c. Dwell Time: Variable between 0 and several hours

d. Decay Time: Variable between 20 msec and 10 sec

5. PHYSICAL DESCRIPTION (Figures 9, 10, & 11): Specimen clearances
are governed by height between bottom of load column and floor
(variable between 4-1/2' and 51 inches) and width between support
columns (8 feet).

6. DRIVER: Gas pressure applied to either side of load collar
surrounding a 4-inch-diam load column. Ram stroke limited to 6 inches,
but it must be stopped by specimen resistance.

7. CONTROLS: Prepressurization of various chambers with electrically
sequenced gas flow to control magnitude and shape of axial driving
force.

8. AVAILABILITY: The Dynapak loading machine is normally scheduled
for fulltime use on Waterways Experiment Station testing programs;
however, testing that is considered to be within the capabilities of
the loader may be conducted for other interested agencies on a priority
basis. Inquiries should be sent to: Director, U. S. Army Engineer
Waterways Experiment Station, P. 0. Box 631, Vicksburg, Mississippi
39181.

Loads up to 42,000 lbs have been applied to a large 3-ft-square
footing. Normally, the machine is not used to apply loads over
25,000 to 30,000 lbs. Test specimens which rupture cannot be
tested unless provisions can be made to provide sufficient resistance
to arrest the load-coluw movement before the end of its 6 inch
stroke.
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FIGURE 11. WES DYNAMIC TR IAK IAL TEST APPARATUS
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9. OTHER CONSIDERATIONS: Mobile soil carts are available to contain
prepared soil specimens (fig. 10). The carts are mounted on tracks
running beneath the loading machine. The inside dimensions of the
carts are as follows: First--type cart: 3 feet 4 inches wide at the
top, 3 feet deep, 11 feet 10 inches long, with a volume of 108 cubic
feet. Second-type cart: 7 feet 2 inches wide at the top, 3 feet
deep, 21 feet 6 inches long, with a volume of 340 cubic feet,

A thick-walled one-dimensional compression testing device (fig. 11)
has been designed and fabricated which can be used with the Dynapak
loader to produce uniformly disLributed, controlled rressure pulses
of up to about 3000 and 500 lbs psi on specimens 4 and 10 inches in
diameter, respectively.

10. DISCUSSION: The Dynapak has been used to conduct model tests on
small-scale footings resting on carefully prepared clay specimens.
This was the first of a series of tests to be conducted using the

principles of similitude to gain the capability of predicting the
dynamic displacement response of prototype foundations subjected to
nuclear blast loadings. These same principles are presently being
applied to a series of small-scale footings buried in carefully pre-
pared sand specimens.

11. REFERENCES:

a. U. S. Army Engineer Waterways Experimant Station, Vicksburg,
Miss., Technical Report No. 3-599, "Dynamic Bearing Capacity of Soils;
Report 1, Dynamic Loading Machine and Preliminary Small-Scale
Footing Tests," June 1962, pp vii, 2, 6-8.

b. U. S. Army Engineer Waterways Experiment Station, Vicksburg,
Miss., Technical Report No. 3-599, "Dynamic Bearing Capacity of Soils;
Report 2, Dynamically loaded Small-Scale Footing Tests on Dense Sand,"
in publication.

c. U. S. Army Engineer Waterways Experiment Station, Vicksburg,
Miss., Technical Report No. 3-599, "Dynamic Bearing Capacity of Soils;
Report 3, The Application of Similitude to Small-Scale Footing Tests,"

.December 1964, Appendix B.

d. U. S. Army Engineer Waterways Experiment Station, Vicksburg,
Miss., Technical Report No. 3-599, "Dynamic Bearing Capacity of Soils;
Report 4, Investigation oi a Dimensionless Load Displacement Relation

for Footings on Clay," in publication.
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E-2

1. TITLE AND/OR TYPE: Earth Shock Tube/Hyge Shock Tester

2. LOCATION: Atlantic Research Corporation
Alexandria, Virginia

3. OWNER: U. S. Army

4. LOADING CHARACTERISTICS:

a. Type Wave: Step input can be varied with choice of various
metering pins

b. Pressure: Minimum(psi) 0 Maxdum(psi) approximately 500 psi

c. Force: Minimum (ibs) 0 Maximum '..Ibs) 40,000 static

d. Rise Time: 2 - 3 milliseconds

e. Dwell Time: With Step input usable dwell time of about 40
mi lliseconds

f. Decay Time: Depends on soil relaxation. Essentially soil
remains loaded until the Hyge Shock Tester is reversed.

5. PHYSICAL DESCRIPTION (Figures 12 & 13): The device consists of a
Hyge Shock Tester as manufactured by Consolidated Electrodynamics Corp.
supported by structural members and a hydraulic Jacking system which
raises and lowers the shock tester. This rests on a massive foundation
consisting of approximately 800 cubic feet of reinforced concrete. A
three foot diameter formed hole, ten feet deep is located at the middle
of the ten feet squared foundation. A ten foot long, ten inch I. D.
shock tube is securely fastened and centered .n this hole. When the
tube is filled with some type soil medium a circular steel plate
called a "Piston" is placed on the soil. Between the ram of the Hyge
Shock Testar and the piston is a BLH load cell. The shock tube is
triggered and the stroke of the ram pushes the load cell and piston
into the upper portion of the soil creating a shock.

6. DRIVER: Pneumatic-Hydraulic System

7. AVAILABILITY: Contact Mr. B-nard P. Polanin aL Atlantic Research
Corporation, Alexandria, Virginia.

8. REFERENCE:

Polanin, B.P., and Bryant, R. C., "Design and Instrumentation of an
Earth Shock Tube - Progress Report No. 7" Atlantic Rasearch Corporation,
Alexandria. Virginia, pages 1, 2, 3, and Figure 1, 9 February 1961.

25

________________________



Jr 4

FIGURE 12. EARTH SHOCK TUBE
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FIGURE 13. CLOSE UP SHOWING THE HYGE SHOCK TESTER
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F-2

1. TITLE AND/OR TYPE: MDI Model DM 4-50 Dynamic Material Evaluation
Machine

2. LOCATION: U. S. Naval Civil Engineering Laboratory
Port Hueneme, California 93041

3. OWNER: U. S. Navy

4. LOADING CHARACTERISTICS:

a. Force: Minimum (Ibs) 0 Maximum (lbs) 50,000

b. Rise Time: Adjustable from 2 to 200 milliseconds

c. Dwell Time: Udjustable from 0 to 2 seconds
Constant Head Velocity Range: 3 to 1800 inches/minute

d. Constant Strain Rate: 0.02 to 1.5 inches/inch/second on a
2 inch gauge length specimen

5. PHYSICAL DESCRIPTION (Figures 14 & 15):

a. Height: 126 inches

b. Width: 52 inches

c. Depth: 21 inches

d. Weight: 2,500 pounds

e. Clearance between Specimen Grips: 2X2X2 feet

f. Grip Adjustable Distance: i8 inches

g. Total Stroke: 4 inches

h. Operating Pressure: 300 to 2600 psi

6. DRIVER: Hydraulic and compressed air system

7. CONTROLS: Control console

8. AVAILABILITY: Available by scheduled arrangement

9. OTHER CONSIDERATIONS: The machine is capable of either tension or
compression testing. An environmental chamber capable of maintaining
temperature at + 2F from room temperature to -10OF is provided.

28
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FIGURE 15 MDI MODEIL 0M4-50 DYNAMIC MATERIAL EVA-LUATICN MACHINE
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10. DISCUSSION: The machine is used to determine the dynamic proper-
ties of basic materials, such as, determination of the variation in
certain parameters such ae the increase in yield stress when certain
materials are subject to blast-type loads.

11. REFERENCES:

a. "Progress Report for FY 1963 on Tasks Pertaining to
Protective Structures,' U. S. Naval Civil Engineering Laboratory,
page 20, July 1963.

b. "Schedule NBY-32212," Specifications for purchase of the
Dynamic Material Evaluation Machine, Page 3, undated.

c. "Machine Dynamics Incorporated Instruction Manual;
Hodel No. DM 4-SC Dynamic Material Evaluation M!achine, pages 1, 2,
and 9, undated.

d. "NCEL Dynamic Tes-ing Machine:, Technical Report R-331
by W. L. Cowell, U. S. Naval Civil Engineering Laboratory, 30 October
1964.
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G-2

1. TITLE AND/OR TYPE: 60-Kip Capacity Ram Loader (1, 2, & 3)

2. LOCATION: University of Illinois
Attn: Prof. George K. Sinnamon
Talbot Laboratory
Urbana, Illinois

3. OWNER: No. 1 and No. 2 U. S. Air Force (Contract AF 33(616)-170,

Supplemental Agreement S9(55-102), No. 3 University of Illinois

4. LOADING CHARACTERISTICS:

a. Pulseload: A load having any selected value up to 62,800
pounds can be applied, either slowly or rapidly. For a compressive
loading, approximately 70 percent of the load acts at the end of
an 18 inch stroke or approximately 80 percent at the end of a 12
inch stroke.

b. Rise Time: For a compressive loading using nitrogen as the
pressure source the rise time will range between 5 & 18 milliseconds
depending upon the pressure and piston position. For helium the
comprestive load rise time will range between 3 and 8 milliseconds.

c. Dwell Time: Adjustable from a true peak with zero dwell to
many hours

d. Decay Time: The time varies with the gas used as a driver
from approximately 5 to 43 milliseconds and is controllable between
this range.

5. PHYSICAL DESCRIPTION (Figures 16, 17, & 18): This machine consists
of a main piston assembly, slide valve chamber assemblies, and trigger
assemblies. In addition, large 36 inch O.D. cylinders are clamped and
sealed around each of the slide valve chambers to act as storage
chambers into which the gas discharges when the machine is used in
the explosion mode or as hign pressure storage chambers when the
implosion mode of operation is utilized.

6. DRIVER: Nitrogen and/or helium

7. CONTROLS! Controls ace in a room isolated from the firing area.
This room controls the distribution valves for gas loading the
devices, firing switch, gas storage, and instrtument recording apparatus.

8. AVAILABILITY: Arrangements for use may be made by contacting
Professor George K. Sinnamon, Civil Engineering Department, Talbot
Laboratory, University of Illinois, Urbana, Illinois.
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9. OTHER CONSIDERATIONS: Machines 1 and 2 have recently been
modified to have operational characteristics and physical appearance
of machine No. 3. These modifications have been accomplished after
Professor Egger -rote his report listed as reference one. However,

I and 2 can be still operated as described in the referenced report.

10. DISCUSSION: The design of these machines was based upon a
20 Kip Pulse loading device designed by J. M. Massard for the
University of Illinois. Larger machines were needed to obtain
dynamic tests of structures aid structural components.

11. REFERENCES:

a. Ahlers, E. B., "Experimental Methods of Determining the
Behavior of Underground Structures Under Dynamic Loads," for Office
of Civil 6 Defense Mobilization (OCDM) Battle Creed, Michigan,
Armour Research Foundation, Techaology Cente Chicago 16, Illinois.

b. Sinnamon, George K., & Newmark N. M., "Facilities for
.Dyncmic TesLing of Soils," Reprint from Symposium on Soil Dynamics

Special Technic-l Publication No. 305, American Society for TcstinF
and Materials, 1961, Civil Engineering Studies, Structural Reseacrch

Series No. 244, University of Illinois, Urbana, Illinois, pages 39,

40 and 41, June 1961.

c. Egger, W., "60 Kip Capacity Slow or Rapid Loading Apparatus,"

Structural Research Series No. 158, University of Illinois, Urbana,

Illinois for Research Directorate, A. F. Special Weapons Center, ARDC,
Contract AF 13(616)-170, pages 1, 2, 6, 7, 8 and 9.
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H-2

1. TITLE AND/OR TYPE; University of Illinois 7-Kip Pneumatic-
Hydraulic Loading Machine

2. LOCATION: University of Illinois
Attn: Prof. George K. Sinnamon
Talbot Laboratory
Urbana, Illinois

3. OWNER: Defense Atomic Support Agency Contract AF 29(601)-5535

4. LOADING CHARACTERISTICS:

a. Type: Loader Combination, Hydraulic-Pneumatic Ram Loader

b. Force:

(1) Loading Machine, Pneumatic

(a) Valve chamber pressures - 400 psi

(b) Main chamber

1 3/4" thick piston, I" travel, maximum pressure
700 psi, maximum load approximately 6.7 kips

2 1" thick piston, 0.8" travel, maximum pressure

1000 psi, maximum load approximately 9.6 kips

(2) Loading Machine, Hydraulic

(a) Valve chamber pressv'res - 400 psi

(b) Main chamber maximum pressure - 640 psi, maximum
load approximately 6.1 kips, 1" travel

(c) Rate of movement approximately 330 inches/sec to
.3 inches/min

(3) Triaxial Cell

(a) Sample size - 1-1/2 inches in diameter by 3 or 3-
1/4 inches long

(b) Maximum cell pressure - 1500 psi. (The triaxial
cell itself will withstand pressures as high as
3000 psi- howrver, the O-ring seals should be care-
fully inspected efter each test at pressures above
1500 psi).

37
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(c) Load cell capacity is sufficient for triaxial tests
run at confining pressures up to 1000 psi and axial
pressures of 4000 psi.

(d) Maximum piston travel - 1-1/2 inches

5. PHYSICAL DESCRIPTION (Figures 19, 20, 21, & 22):

a. Height: Overall, including triaxial cell apparatus 5'-6"

b. Width: l'-6" approximately

c. Depth: V'-6" approximately

d. See 4b above.

6. DRIVER: Gas with or without hydraulic speed control.

7. CONTROLS: The operation of the loading machine is dependent on
three fast opening valves, the main valve, oil valve, and decay valve
(see the drawing of the hydraulic circuit and the assemily drawing
of the machine.) Although opening each of these valve3 produces a
different net machine output, they all operate in exactly the same
manner.

The valves are designed so that pressure on the upstream side of
the port cannot produce a net force in the direction of the longi-
tudinal axis of the valve. The motivating force is provided by
charging a small chamber under the piston at the top of the valve.
The valve is held down by a mechanical restraint (the release
mechanism) which is removed by a solenoid at the desired time.

8. AVAILABILITY: Arrangement for use may be made by contacting
Professor George K. Sinnamon, Civil Engineering Department, University
of Illinois, Urbana, Illinois.

9. OTHER CONSIDERATIONS: When operated hydraulically, the system
allows slower rates of application of the load and in many instances,
a nearly constant strain rate.

The triaxial cell is of more or less conventional design with
modifications for rapid loading. The axial load is measured by
strain gauge dynamometer rounted in the base of the cell. The piston
is guided by Thompson ball bushings and sealed by a quad-ring. An
LVDT is used to measure the sample deformation.

10. DISCUSSION: The pneumatic portion of the 7 Kip loading machine
is essentially miniaturized version of existing pneumatic loading
machines in the Dynamics Laboratory at 'he University of Illinois.
It deviates in operation from the larger machines in that it
operates in only one direction and its normal mode will apply
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HYDRAULIC LOADING MACHINE
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FIGURE 20. OVERALL- VIEW OF 7-KUP LOADER
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compressive loads. In addition to the pneumatic portion, the 7 kip
loading machine also incorporates a hydraulic system with which it is
possible to apply a constant load over a wide range of strain rates.
Operated in this manner, the loading machine essentially acts as a
gas over oil piston-type accumulator. The oil is allowed to flow out
of the accumulator through a micro-regulating valve, thereby controlling
the quantity of flow with respect to time and the movement of the piston
with respect to time.

11. REFERENCE:

Smith, J. L., "Operation Instructions - 7 kip Pneumatic-Hydraulic
Loading jMachine and Triaxial Apparatus." University of Illinois
Urbana, Illinois, Pages 1, 2, 3, 4, 5 and Dwg. Sheet Nos. 2, 3,
and 38: 1 August 1963.
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1-2

1. TITLE AND/OR TYPE: 20-Kip Pulse Loading Device

2. LOCATION: University of Illinois
Attn: Prof. George K. Sinnamon
Talbot Laboratory
Urbana, Illinois

3. OWNER: University of Illinois

4. LOADING CHARACTERISTICS:

a. Force: Minimum (lbs) variable Maximum (lbs) 19,000

b. Rise Time: 2 milliseconds

c. Dwell Time: Variable

d. Decay Time: 90% removal of the loading in about 0.25
seconds

e. Stroke: 5.25 inches in either tension or compression

5. PHYSICAL DESCRIPTION (Figures 23 & 24): The major elements of
the loading device are shown in figure 24, The external chambers,
each 1870 cubic inches in volume, act as accumulators for the
pressurized gas. The internal chambers (one on either side of the
piston) each have a volume of 120 cubic inches when the piston is
in its central position. The main piston is 5.145 inches in
diameter. The machine is designed to operate at a peak pressure of
1000 psi. Aluminum slide valves, covering orifices of 18 square
inches area, control the passage of gas between the exte'nal and
internal chambers. The walls of one external chamber contain a
poppet valve system of 39 square inches orifice area.

6. DRIVER: Nitrogen and/or helium

7. CONTROLS: Controls are in a room isolated from the firing area.
This room controls the distribution valves for gas loading the devices,
firing switch, gas storage, and instrument recording apparatus.

8. AVAILABILITY: Arrangements for use, may be made by contacting
Professor George F. Sinnamon, Civil Engineering Departwent, Talbot
Laboratory, University of Illinois, Urbana , Illinois.

9. DISCUSSION: The 20,000 pound capacity slow or rapid loading device
was developed over a period of several years in the structural
Research Laboratory, Department of Civil Engineering, University of
Illinois. The original machine was developed by F. M. Massard but
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FIGURE 24. SCHEMATIC DIAGRAM OF TESTING MACHINE
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over the years it has had many modifications.

The device is a loading type machine; the force applied to the
test specimen results from gas pressure acting on a piston. The flow
of gas onto and off of the loading piston is controlled by two types
of rapidly operable, balanced valves; the valves are balanced in
the sense that the forces required to :estrain and activate these
valves are not markedly affected by the orifice area and gas pressure
level.

10, REFERENCE:

Wright, R. N., Hall, W. F., and Hamada, H. S., "The Behavior
of Structural Steel Under Slow and Rapid Reversal of Loading" Sixty-
seventh Annual Meeting of the American Society for Testing Materials,
Reprint. pages 21 and 22, 21-26 June 1964.
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3-2

1. TITLE AND/OR TYPE: WES - MIT Impact Loader

2. LOCATION" U, S. Army Engineer Waterways Expbriment Station
Corps of Engineers
Vicksburg, Mississippi

3. OWNER: U. S. Army

4. LOADING CHARACTERISTICS:

a. Pressure: (Tank) Minimum (psi) 0 Maximum (psi) 800

b. Force: Minimum (ibs) 0 Maximum (lbs) 30,000

c. Rise Time: 1 to 5 milliseconds (,aries according to type
of material being t2sted)

d. Dwell Time: No lo-- release

5. PHYSICAL DESCRIPTION: (Figure 25)

a. Diameter: 4 inch diameter heac

b. Length: 4 inch maximum stroke of piston.

6. DRIVER: Pressurized nitrogen

7. CONTROLS: Electromagnetic valve opens and nitrogen is released4.
The nitrogen in turn drives the piston. Load cells are on the piston
shaft and under the specimen. Deformations are measured with a linear
potentiometer. Strain is measured with strain gages. Stress, strain,
and deformations are recorded with an oscilloscope.

8. AVAILABILITY: The WES MIT impact loader is normally scheduled
for full-time use on Waterways Experiment Station testing programs;
however, testing that is considered to be within the capabilities of
the loader may be conducted for other interested agencies on a priority
basis. Inquiries should be sent to: Director, U. S. Army Engineer
Waterways Experiment Station, P. 0. Box 631, Vicksburg, Mississippi
39181.

9. OTHER CONSIDERATIONS: A control valve is on an auxiliary nitrogen
tank. This valx• insures constant pressure on an electromagnetic
valve. When this valve is energized, the nitrogen releases a
trigger piston which releases the pressurized N2 that drives the
piston. Specimen heights can be varied to a maximum of 3 feet.

10. DISCUSSION: The WES - MIT impact loader is located within the
Concrete Division building at WES's Jackson Installation.
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K-2

1. TITLE AND/OR TYPE: WES - 200-Kip Loader

2. LOCATION: U. S. Arlay Engineer Waterways Experiment Ste-ior.
Corps of Engineers
Vicksburg, Mississippi

3. OWNER: Defense Atomic Support Agency (PASA)

* 4. LOADING CHARACTERISTICS: (see discussion)

a. Force: Minimum,(lbs) 0 for both Maximum (lbs) 200,000
static and dynamic with lbs with possibly higher
considerably reduced capabilities.
accuracies in the lower
ranges.

b. Rise Time: Variable from 1.5 msec up (uncontrolled)
depending upon specimen being tested.

c. Dwell Time: Obtainable but uncontrollable in msec range.

d. Decay Time: Variable from a few msec and up (uncontrolled)
depending upon piston velocity at time of initia-
tion of decay load.

5. PHYSICAL DESCRIPTION (Figure 26):

a. Diameter: Piston - 9.5 inches Piston Shafts - 4 inches

b. Length: Over-all height of device - 14 feet, 4 inches

c. Cther: Maximum stroIe - 4 inches. Maximum area available
for specimen placement is 8 feet high by 5 feet wide
by 25 feet long.

6. DRIVER: Open-looped hydraulic pressure applied to piston.

7. CONTROLS: Dynamic loads are obtained by ecapturing a metal disc for
rise and decay of load. Static loads are obtained by manual control
of a hand valve.

8. AVAILABILITY: The 200-kip loader is normally scheduled for fu.ll
time use on Waterways Experiment Station testing programs; howver,
testing that is considered to be within the capabilities of the
loader may be conducted for other interested agencies an a priority
basis. Inquiries should be sent to: Director, U. S. Army Engineer
Waterways Experiment Station, P. 0. Box 631, Vitksburg, Mississippi
39181.
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9. OTERJI CWNSIDELMTIoNS: This loader is a companion item of eqApment
with the WEIý 500-kip loader which together provide a capability ior
testing of structural shapes with loading rates varying from a true
static load to rates wbere the maximum load is reached in a very few
msec. This loader provides the capability for the very fast :ise
type of load.

10. DISCUSSION:, The 100-kip loader ios hydraulic, opeh--looped,
testing device capablo, of applying a concentrated load in short times
over a maximum of 4 inches of stroke. The loader is s:heduled to be
operational in the fall 1965 with loading characteristics defined in
Section 4. Efforts to design valves capable of controlling the rise
and decay of the load will be continued after installation of the
device,

Lord: The device is designcd to apply loads varying fzor 10,000
to 200,000 lbs in either tension or compression and has applied loads
in compression in excess of 200,000 lbs to specimens. The design of
the dei:e is such that loads as high as 400,000 lbs may be possible
with the device; however, defiriticon of the maximum load capability
of the device is subjected to further evaluation.

Load-Time History: The minimum time required to develop a specific
load is subject to many variables which include piston location,
magnitudn of load, response of resisting member, and characteristics
of the control valves, etc.: therefore, the rise-time characteristics
of the loader are a function of the test conditions. A minimum rise-
time ot 1.3 meac for a load in excess of 200,000 lbs with approxizately
1/4 inch movement of the piston has been obtained with the device,
indicating that rise-times approaching I msec might be obtained fcr
stiff spe imens.

Accuracy and ability to obtain hold-times in the msec range
cannot be defined at this time. Considerable experience is needed in
operating with rupture discs that control the porting of the oil in
the loader before the capability of rupture discs to control pressure-
time histories can be defined.

Times required to decay a load have not been determined: however.
they also will be a function of many variables. Times approaching 1
msec should be obtained under certain conditions.

Specimen-Limitations: The type and size of specimen that can be
teo ad include:

a. Beans up to 24 inches twep, 18 inches wide, and 144 inches
long.

b. Columns with a maximum height of 6 feet and cross-sectional
diameter of 18 inches.

52



c. Circular specimens having a maximum diameter at the grips of
2-1/2 inches and approximately 36 inches long under tensile loading.

d. Tests where 2-point loading is required up to a maximum If
4 feet between poi~its of load application.
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L-2

1. TITLE AND/OR TYPE: WESo 50C-'•!" Loadetr

2. LOCATION: 7. S. Army Engineer Waterways Experiment Station
Corps of Engineers
Vicksburg, MissisL .pi

3. OWNER: Defense Atomic Support Agency (DASA)

,,. LOX',I•G CHARACTERISTICS: (see discussion)

a. lorce: Minimum (ibs) 0 for all Max!ium (Ibs) Variable
loading rates with con- with 700,000 lbs for
siderably reduced accuracies true static load.
in the lower ranges.

b. Rise Time: Controllable variable depending upon specimen being

tested. Minimum time will be available in late
summer 1965.

c. Dwell Time: Controllable and variable from seconds to hours.

d. Decay Time: Controllable and variable depending upon specimen
tested. Minimum time will be available in late
sununer 1965.

5. PHYSICAL DESCRIPTION (Figure 27, 28, 29)

a. Diameter: Piston - 18 inches Piston Shaft - 8 inches

b. Length: Over-all height of device - 5 feet, 1 inch

c. Other: Maximum stroke - 18 inches. Maximum area available for
specimen placement is 8 feet high by 5 feet wide by
25 feet long.

6. DRIVER: Hydraulic pressure applied to top and bottom of piston.

7. CONTROLS: Closed-looped, servo-controlled hydraulic system. Maxi-
umn travel of the piston is 18 inches in tension or compression with
provisions to limit travel to 4 or 8 inches for compression loading.

The uaximum reamping capability of the device is defined by two
conditions, position rampin4, or load ramping. Figure 28 is a plot of
the maximum position ramping rate of the device vs. resistance to the
piston. Figure 29 Is a plot of the position of the piston from the
end of the chamber vs. load reaplng rate for threa values of resistance
to the piston. This plot assimes no %overant of the piston. The
curves shown in Figure 29 should be recognized as limittin values of
a maximi theoretical capability. The curves must be considered to-
gether for evaluation of a particular desired test, i.e., If a coupon
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were tested at a specific load rate, this rate would be maintained
only if the posivion rate as defined in Figure 28 is not exceeded.
Position ramp ranges of .001 to .01, .01 to .1,.l to 1.0, and 1.0 to
10.0 inches per second and load ramp ranges of 0 to 100, 0 to 1000,
0 to 10,000, and 0 to 100,000 kips per second are available. In
addition, the device can be operated at a specific position or load
rate, a specific load rate then position control, or by an arbitrary
function generator for any particular test.

8. AVAILABILITY: The WES 500-kip loader is normally scheduled for
fulitime use on Waterways Experiment Station testing programs: how-
ever, testing that is considered to be within the capabilities of the
loader may be conducted for other interested agencies on a priority
basis. Inquiries should be sent to: Director, U. S. Army Engineer
Waterways Experiment Station, P. 0. Box 631, Vicksburg, Mississippi
39181.

9. OTHER CONSIDERATIONS: This loader is a companion item of equip-
ment with the WES 200-kip loader which together provide a capability
for testing structural shapes with loading rates varying from a true
static load to rates where the maximum load is reached in a very
few msecs. This loader provides the capability for rates of loading
varying from times to maximum load in the high msec range to a true
static load.

10. DISCUSSION: The device shall be used primarily to determine the
effect of strain rate on the strength characteristics of various
structural materials as well as to determine the various str., th
parameters of various engineering materials in both tension and con,-
pression under either transient or static loads. The device wiil be
operational in the summer of 1965.
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A-3

1. TITLE AND/OR TYPE: Air Fc~rce 2-Foot-Diameter Shock Tube
1

2. LOCATION: Eric H. Wang Civil Engineering Research Facility
Area Y
Sandia Base, New Mexico

3. OWNER: U. S. Air Force

4. LOADING CHARACTERISTICS:

a. Type Wave: Exponential Decay

b. Pressure: Minimum (psi) Up to 200 Maximum (psi)

c. Rise Time: Instantaneous

d. Time: Positive Duration

e. Decay Time: All values to 160 milll3econds for entire range
of overpressures up to 100 ,st

5. PHYSICAL DESCRIPTION (Figure 30):

The over--all length is 132 fee,, 6 inches and is made up of six
sections 20 feet long aLd one secticn 12 feet, 6 inches long. These
sections are steel pipe 24 i'chas O.D., 5/8 inch wall thickness with
heavy flanges at each end that permit various sections to be bolted
teftether.

6. DRIVER: Primacord

7. CONTROLS: U.E.D. - Ampex Control Counsel.

8. AVAILABILITY: Available to other go:,rnment agencies and to
contractors of the United States Government on contracts requiring the
use of and within th_. iinitzionb of tue tube. Scheduling is controlled
by the Air Force Project Officer and the Facility Director.

9. OTHER CONSIDERATICNS: The two foot tube is fired with a closed-
end compression chamber and an cpet,-eaid expansior chamber. A hinged-
blind flange is used for the compression chamber door and is bolted
in place, for each firing. The tube is held in place by a trunnion
placed 50 feet downstream from the comrressioi chamber.

10. DISCUSSION: This tube has been used for tests of several types
of blast valves, filters, air intakes and exhaust ducts. A rorticn
of this tihe was used to erect the first vertical tube.
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11. REFERENCE:

a. Crist, Robert A., "The Use of Rock Filters to Attenuate
Air Shocks," APSWC TDR-63-27, March 1961.

b. Holt, R. E., and Crist, R. A., "Calibration of a Six-Foot
and a Two-Foot Diameter Shock Tube, AFSWC TDR-63-5, April 1963.
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B-3

1. TITLE AND/OR TYPE: The Boeing 24 - 36-Inch Shock Tube Facility

2. LOCATION: The Boeing Company
Tulalip Test Site
Marysville, Washington

3. OWNER: The United States Air Force

4. LOADING CHARACTERISTICS:

a. Type Wave

(1) Peaked Wave - Simulated nuclear blast waves

(2) Flat Wave - Simulated blast waves in underground duct
facilities

(3) Reflected Waves - Simulated reflected blast wave loading
on underground duct facility components
(Blast Valves).

b. Pressure (Figure 31):

(1) 24-Inch Shock Tube

Primacord Driver Air Driver

Maximum
Incident 150 psig 10 psig
Reflected 600 psig 21 psig

Minimum
Incident 15 psig 0
Reflected 35 psig 0

(2) 36-Inch Shock Tube (24 Inch Driver)

Primacord Driver Air Driver

Maximum
Incident 60 psig 5 psig
Reflected 230 psig 10 peig

Minimum
Incident 10 psig 0
Reflected 21 psig 0
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(3) 2'-6" X 41-4' Cross Section Driven Section (24 Inch Driver)

Primacord Driver Air Driver

Maximum
Incident 27 psig 4 psi-
Reflected 75 psig 8 psig

Minimum
Incident 4 psig 0
Reflected 8 psig 0

c. Force - Force is defined as reflected pressure times the area
of application.

(1) 24 Inch Shock Tube (i.d. of 22 inches)

Maximum 200 kips
Minimum 0

(2) 36 Inch Shock Tube (i.d. of 35 1/4 inches)

Maximum 200 kips
Min•imum 0

(3) 2'-6" X 4V-4" Cross Section Driven Section

Maximum 100 kips
Minimum 0

d. Rise Time - The pressure rise time across the shock waves is
usually much less than one millisecond. The rise
time can be incrpased to several milliseconds for
low pressure waves.

e. Dwell Time - Incident and Reflected Waves

Flat T-ime - Zero to greater than 50 milliseconds

f. Decay Time - Defined as the time from overpressure level of
interest to no overpressure. This time varies
from a few milliseconds ti approximately 40
milliseconds depending upoi the shock tube con-
figuration.

5. PHYSICAL DESCRIPTION

a. Shock Tube:

24 Inch Shock Tube:
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Maximum tube length is approximately 118 feet. Inside diameter
is 22 inches throughout. The tube consists of 4 sections each
of 25 foot length, 1 section of 12 foot length, and 3 chambers
(designed as high pressure driver section for use with high
explosive loadings) of 22, 22 and 33 inch length.

36 Inch Shock Tube:

The maximum tube length is approximately 89 feet. It has an
insice diameter of 35-1/4 inchei throughout. The tube consists
of 5 sections each of 15 foot length and 2 sections each of 6
foot length. An additional thick wall chamber of 30 inch
length can be used as a detonation chamber for use with the 36
inch tube, or modified to be used as a transition section be-
tween the 24 inch and 36 inch tubes. The 36 inch tube can be
used by itself or in conjunction with the 24 inch tube as a
driver.

2-611 x 4"-4" Rectnngular Driven Section:

The maximum tube length is approximately 20 feet. It is
rectangular in cross section with inside dimensions of
2'6" 4'-4" throughout. This tube is attached to the 24
inch shock tube by a 7 foot long transition section.

A breakdown of the shock tubes is presented below:

24 Inch 36 Inch* 2'6"x4'4"*
Shock Tube Shock Tube Driven Section

Section Lengths
(Number of) (4) 25 feet (5) 15 feet (1) 20 feet

(1) 12 feet (2) 6 feet (1) 7 feet**
(1) 35 inches (1) 30 inches**
(2) 22 inches

Length (total) 118 feet 89 feet 20 fee,

Internal Diameter 22 inches 35 1/4 inches 2'6"x4'4"
rectangular
cross-section

b. Mounting System:

The shock tube (or tubes) is supported above the ground on steel
racks. The downstream end of the tube (opposite the driver end)
is attnched to a rigid steel structure which is in turn bolted
to concrete pad.

*A transition se(tion is oed to connect this tube with the 24 inch
shock tube. The 36 inch tube can be u-d alone.

**Transition section between this tube and 24 inch shock t'nbe.

6b



6. DRIVER - The shock tube facility has only been used with the 24
inch shock tube as the driver.

a. Low Pressure (0-10 psig) - Compressed gas with mechanically
ruptured mylar diaphragm.

b. Medium - High Pressure - Primacord fuse detonated in ambient
(15-150 psig) air or compressed gas generates the

high pressure in the driver.

c. Pressure Ratios (10-100) - The driver is prepared as in (b),
and the driven section of the tube
is evacuated to as low as 0.1 psia.

Recent tests have been conducted using various combinations of
pressurized gas with Primacord in the driver (The driven section
was at ambient pressure). By using this technique, the driver
sound speed was controlled resulting in high pressure shocks with
over 50 milliseconds of flat time. This increased "flat time"
has greatly improved the usefulness of the facility which was
originally designed for a "flat time" of approximatr.y 15 milli-
seconds.

7. CONTROLS - Remote ii, hardened control house.

The shock tube facility and associated control equipment are
located in a remote area with sufficient A.C./D.C. power to support the
operation in a hardened control house. All test runs are conducted
remotely from within the control house.

Safety procedures and controls have been established for handling
the explosives. No accidents involving explosives have occurred.

8. AVAILABILITY - Subject to negotiation.

The shock tube and associated facilities were purchased with Air
Force funds for qualification tests on Minuteman blast valves and
blast dampers. If no conflict exists with Minuteman tests, the
facility is available for use subject to negotiations with the
Boeing Company.

Inquiries concerning the availability of the shock tube should be
addressed to: Raymond C. Day

Orgn: 2-5742, Mail Stop 31-01
The Boeing Company
P. 0. Box 3707
Seattle, Washington 98124

Phone: Area Code 206, OL 9-1291

67



9. OTHER CONSIDERATIONS - Fifty-five channels of instrumentation with
frequency response up to 20,000 cps are
available.

The recording instrumentation is located in a hardened control
house. Typical instrumentation includes: piezoelectric pressure
transducers, Kistler Charge Amplifiers, two Ampex CP 100 tape
recorders (14 channels each), and either a Honeywell 1012 Visicorder
Oscillograph or a CEC 5-119 Oscillograph. Frequancy responses of
up to 20,000 cps may be 3btained.

The instrumentation can be readily expanded to four Ampex CP
100 tape recorders.

10. DISCUSSION - The facility has been used for generating blast
loads on blast valves and blast dampers, blowby
damage evaluation on facilities and subscale
tests on air entrainment duct systems.

The following systems have been successfully tested with this shock

tube facility:

a. Blast Valves and Blast Dampers:

Full scale blast valves and blast dampers were located at
the downstream end of the tube and subjected to pressures of
prescribed magnitudes and decay rates Incident pressures
ranged from I psig to approximately P0 psig. Both air and
Primacord drivers were used. In all cases, the driven chamber
contained air at ambient pressure. Tube configurations ased
for these include: The 24 inch shock tube, the 24 inch and
36 inch shock tubes, and the 24 inch tube and 2'6" X 4"4'7
driven section.

b. Facilities Downstream of BL;ist .mirs:

Full scale environmental control eauipment has been located
downstream of a blast damper to eval.uate the effects of
"blowby". "Blowby" is the air pressure pulse which is
transmitted downstream of a blast valve or blast damper.
During these tests, the facility equipment operated as it
would in the field. The tube configuration used for these
tests were the 24 inch tube and the 2'6" X 4'4" driven
section.

a. Sub-Scale Air Duct Models:

Sub-scale models of underground air entrainment systems were
mounted normal to the shock tube wall. The pulse generated
in the tube simula'-d the pressure - time history of a scaled
n'aclear blast pulse. For most tests, the driven section and
the model were evacuated and pressure ratios were aimulated.
The 24 inch shock tube was used for these tests.

w6



C-3

1. TITLE AND/OR TYPE: Detonation-Driven Shock Tube

2. LOCATION: U. S. Army Research Laboratories
Aberdeen Proving Ground Maryland 21005

3. OWNER: U. S. Army

4. LOADING CHARACTERISTICS:

a. Type Wave: Flat top to peaked with exponential decay.

b. Pressure: Up to 180 psi obtained at, main test section
expect to be able to obtain 250 psi at test
section.

c. Duration: Positive Phase - 40 milliseconds, 6 msec of
which are flat-topped.

5. PHYSICAL DESCRIPTION (Figure 32, 33, & 34):

a. Diameter: Variable from 8 inch I. D. through a cransition
sect'on to 22 1/8 inch I. D.

b. Length: Variable from 113 feet to 213 fee;.

c. Other: First driven section: 8.25 inch diameter, 27 feet
7 inches long, 4140 steel, with 2 inch diameter
test ports locattd (two each opposing each other)
at 9 feet, 16 feet and 21 feet from the diaphraM
2 8 0 conical nozzle machined into the end of this

section. Second driven section: 22 1/8 inch
nominal inside diameter, variable in length from 58
feet to about 155 feet: outside diameter 24 inches,
conmercial seamless wrougn steel. Two 2.5 inch
diameter test ports oovpsing tach other at 18 inches
and two at 56 inches from the nozzle end. Two test

ports "I incher by 18 inches opposing each other.
normally at 55 feet from the nozzle. Section lengths
Pre random from 19 feet to '4 feet.

6. DRIVZR: Mixture of hydropr and oxygen.

7. CONTROLS: Detonating of the mixture is initiated Sy . blank 38
caliber cartridge at the back eud. Tht ri;ulting

detoostion wave travels through the mbien. m•iture
until it reaches the diaphragm. The diaghratms consist
of either mylar or altwinum materiale.
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8. AVAILABILITY: U. S. Government and Government Contractor.

9. OTHER CONSIDERATIOMS. ine driver section is mounted on a carriage
that is moved hydraulically along trrcks to
allow insertion and clamping of the diaphragm.

10. '.#TSCUSSION: -The driver section is completely housed. '-he dia-
phragm section is under roof but partially screened
in, since this is the area most likely to have hydro-
gen accumulation in the event of breakage around the
diaphragm, or power failure. A 20 foot by 20 foot,
building partially covers the second driven section
at the test section area and also serves as housing
for the recording equipment. Gas bottles are stored
in separate sheds; one for oxygen and one for hydro-
gen.

The tube has been used to develop piezoelectric gauges for
shock tube instrumentation as well as various other pressure transducers
for field operation. Shock propagation in scaled tunnel systems has
been partially investigated and further work in this field is antici-
pated.

A program to perfect a stagnation probe using a piezo gauge has
been conducted in which the problem of shielding the gauge from damage
in field operations was solved.

Shock diffractions studies of scaled field models will be done
in the near future. It is also expected to put a large test section
at the end of the tube to allow testing of full scale models.

11. REFERENCE: Bertrand, Brian P., "High Pressure Shock Tube Progress
Report," Ballistic Research Laboratories, Aberdeen Proving Ground,
Maryland, pages 33, 34, 35,-39, 42, and 44.
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D-3

1. TITLE AND/OR TYPE: BRL 4-Inch O.D. Shock Tube

2. LOCATION: U. S. Army
Ballistic Research Laboratories
Aberdeen Proving Ground, Maryland

3. OWNER: U. S. Army

4. LOADING CHARACTERISTICS:

a. Type Wave: Peaked for 1, 3, and 6 foot driver sections.
Step shock for driver sections 10 feet and longer.

b. Pressure: Minimum (psi) Peak Overpressure Maximum (psi)

1 <P 2 1 <7 Air 0 <Ps <32 PSIG: P1i .2 PSIA

c. Positive Duration: Minimum of 10 msec and a maximum of
350 milliseconds at the 20 X 20 inch
test section.

5. PHYSICAL DESCRIPTION (Figures 35 & 36):

Test Sections

a. 20 X 20 inch Section:- Square 20 X 20 inch I. D., 24 ST
aluminum, mill finish, 16 feet long with 2 inch thick walls. Center
of this section may be 100 feet from diaphragm. It has 4 access
parts: 1) Two each 12" X 12", 2) One 9" diameter, and 3) Four
each 1 7/8" diameter.

b. 24 inch 0. D. Section: 22 5/8" I. D., seamless steel pipe,
Bitumastic lining, 10' 8" long with 0.69" wall. Center of test
section 111 feet from diaphragm. This section has 12 access parts:
1) Three 2" X 8", 2) Three 2" X 12", 3) Three 4" X 18" and
4) Three 3 1/4" diameter.

c. 4 X 4 foot Section: 4 X 4 feet square inside dimensions,
steel plate, 1/2 inch thick walls. Total length of this section is
58 feet with a 6 foot transition section from 24 inch shock tube.
This section has eight access parts: 1) Four 2 X 2 feet in each
4 foot length and 2) Four one inch thick 17 1/2 inch square
Herculite windows.

The shock tube is composed of random lengths of nominal 24 inch
0. D. schedule 40, ASTM A 106-55 Grade B seamless steel tubing. The
lengths are joined by Dresser couplings with the exception of the
high pressure driver sections and end plates which are bolted. The
overall length utilizing all test sections in place is approximately
300 feet.
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FIGURE 35-A COMPRESSION CHAMBER

FIGURE 35-B EXPANSION SECTION

FIGURE 35. THE 24-INCH SHOCK TUBE
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6. DRIVER: Compressed air in a driver section which may vary from
1 foot to a maximum of 55 feet. The air is supplied by two 125 psi
compressors delivering 105 CFM and 223 CFM, respectively. These
compressors may be coupled as first stages for two 550 psi booster
compresso:s with 100 CFM and 230 CFM, respectively.

7. AVAILABILITY: U. S. Government and Government Contractor.

8. OTHER CONSIDERATIONS: A separate air supply drives the air piston
for the diaphragm breaker. Cellophane, Mylar, lumerith, and aluminum
diaphragms are used to separate the driver gas from the low pressure
or expansion section of the shock tube. The 28 inch square sheets of
diaphragm material are held by a 3000 psi hydraulic system. By a
proper choice of driver length and air pressure many pressure-time
profiles are available at the down stream test section.

9. DISCUSSION: The parts of the first test section may be used for
test equipment or models. The second test section has about seven feet
clearance between the outer wall of the device and a building. Models
should be designed to fit within this space if they are to be attached
to the outside of either of these two test sections.

10. REFERENCE: Draft Report furnished by Mr. E. E. Minor, Chief,
Terminal Ballistics Laboratory, BRL, Aberdeen Proving Ground, Maryland,
Letter dated 16 July 1964: Ahlers, E. B., "Experimental Methods of
Determining the Behaviour of Underground Structures Under Dynamic Loads,"
lIT Research Foundation, Chicago, Illinois, for OCDM, Battle Creek,
Michigan, page 145, November 1961.
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E-3

1. TITLE AND/OR TYPE: Conical Shock Tube

2. LOCATION: U. S. Naval Weapons Laboratory
Dahlgren, Virginia

3. OWNER: Defense Atomic Support Agency

4. LOADING CHARACTERISTICS:

a. Type Wave: Spherical

b. Pressure: (Maximum Estimated)

Test Station 1 - 138 psi
Test Sta'.ion 2 - 41 psi
Test Station 3 - 17 psi

c. Duration: (Maximum Estimated)

Test Station 1 - 200 ms
Test Station 2 - 300 ms
Test Station 3 - 450 ms

5. PHYSICAL DESCRIPTION (Figure 37):

The shock tube is a frustum of a right circular cone, increasing
in diameter from 16 inches to 24 feet, connected to four 16 inch
diameter naval guns coupled in tandem. The shock tube is 2460 feet
long and has 10', 15' and 22' diameter test stations located 1000,
1500 and 2200 feet respectively from the small end. Test station
number one can be evacuated to simulate an altitude of approximately
100,000 feet.

6. DRIVER: Up to 1000 pound charge of TNT.

7. AVAILABILITY: 2nd Qtr FY67.

8. DISCUSSION: Information furnished is based on final A&E design
submiLted by MRD of American Transportation Co. in
December 1964.
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F-3

1. TITLE AND/OR TYPE: Detonation-Driven Shock Tube

2. LOCATION: MED Division (General American Transportation Corp)
7501 North Natchez Avenue
Niles, Illinois

3. OWNER: MRD Division

4. LOADING CHARACTERISTICS:

a. Type Wave: Exponential Decay

b. Pressure: Minimum (psi) 0 Maximum (psi) Incident 5000
Reflected 12,500

c. Force: Minimum (ibs) 0 Maximum (Ibs) Reflected 48,000

d. Rise Time: 0

e. Dwell Time: 0

f. Duration, To 1/2 peak pressure up to 1.5 milliseconds

5. PHYSICAL DESCRIPTION (see figure 54 on page 110):

a. Diameter: 2 1/8 inches inside diameter

b. ý,ength: 26 feet, 6 inches

6. DRIVER: Detonable gas such as propane-oxygen, methane-oxygen,
and hydrngen-oxygen.

7. AVAILABILITY: Yes, by service or research contract with MRD.

8. DISCUSSION: Pressure and shock velocity measured with Kistler
piezoelectric crystal pressure transducers.

The shock tube has been used to study the gas dynamics of the
interaction that takes place when detonation wvves are used to
generate high overpressure shock waves.
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G- 3

1. TITLE AND/OR TYPE: Double-Driver Shock Tube (or Shock Tunnel)

2. LOCATION: Cornell Aeronautical Laboratory (CAL)
Buffalo, New York

3. OWNER: Cornell Aeronautical Laboratory

4. LOADING CHARACTERISTICS:

a. Type Wave: Shock tWave

b. Pressure: Pressure change across second shock

Minimum (psi) 0 Maximum (psi) 400

c. Force: Depends upon nodel size and Mach number of the flow.

Minimum (ibs) 0 Maximum (lbs) 18,000

d. Rise Time: < 10-1 milli;econd (risetime for pressure change
in the gas).

e. Dwell Time: > 100 millii;econds

f. Decay Time: No pressure decay under normal test conditions.
If desired at pressure decay can be produced.

5. PHYSICAL DESCRIPTION (Pigure&38 & 39):

a.. Diameter: 4 Inches, test section diameter, 96" for
double-driver shock tunnel operation.

b. Length: 100 feet, test section 10 inches, test section

(Shock Tunnel): 8 feet.

6. DRIVER: Hydrogen at 30,000 psi, 1260 R

7. CONTROLS: !tandard controls for shock tube operation.

8. AVAILABYLIT"' Reference Cornell Aeronautical Laboratory,
Applied flypersonic Research Department, Buffalo,
New York.

9. OTHER CONSIDERATIONS: This tube is beinp used in tests in
conjunction with tests oerformd in a
4' diameter, 170 foot tube with a moxi-
mum pressure of 50 osa belot•int to the
Research Institute of tht National
Swedish D1.fense (MA) under an Aero-
nautical Research Institute of Sweden
(FFA) contract. Dr. no Lemcke has been
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conducting the experiments.

10. DISCUSSION: The goal of the two test programs is to study the
effects of shock wave impact on models that are already subjected to
an ambient air flow. This is accomplished by employing a double-
driver shock tube (DDST) as described in the referenced report. Thus
two consecutive shock waves are formed; behind the first shock the
steady flow around the model is established, at the arrival of the
second shock the steady flow around the model is established, at the
arrival of the second shock the transient can be studied.

11. REFERENCE: Lemcke, Bo, "Performance of Double-Driver Shock Tube,"
Consultant, Aerolastic & Structures Research Laboratory, Massachusetts
Institute of Technology, present address, The Aeronautical Research
Institute of Sweden (FFA), Bromma II, Sweden. FFA Contract No. AE-513:l.
Report not dated.
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H-3

1. TITLE AND/OR TYPE: 4-Inch-Dirmeter Shock Tube

2. LOCATION: Eric H. Wang Civil Engineering Research Facility
Area Y
Sandia Base, New Mexico

2 OWNER: U. S. Air Force

4. LOADING CHARACTERISTICS:

a. Type Wave: Flat topped to peak with expooential decay of a
10-20 millisecond duration.

b. Pressure: Minimum (psi) Maximum (psi) 20

c. Rise Time: 0

d. Dwell Time: 7 milliseconds

e. Decay Time: 10 milliseconds

5. PHYSICAL DESCRIPTIGX: (Figure not available)

a. Diameter: 4 inches OD

b. Length: Adjustable to 40 feet

6. DRIVER: Compressed air

7. CONTROLS: The compressed air in the driver section is retained
by a mylar diaphragm. A punching device, hand operated ruptures the
diaphragm allowing the air into the driven section.

8. AVAILABILITY: Available to other government agencies and to
contractors of the United States Government on contracts requiring the
use of and within the limitations of the tube. Scheduling is controlled
by the Air Force Project Officer and the Director of the Facility.

9. OTHER CONSTDERATIONS: The tube is so designed to accommodate a
small rectangular soil bin.

10. DISCUSSION: It has been used for gauge calibration and soil pore
pressure studies. The tube has also been used for demonstrations at
exhibits such as Armed Forces Day and Junior Science Exhibits.

11. REFERENCES:

a. Mahoney, James A., "The Air Force Shock Tube Facility," Civil
Engineering Branch, Air Force Weapons Laboratory, Kirtland Air Force
Base, New Mexico, unpublished report, June 1964.
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b. Pantall, Jack T. Jr., Capt, USAF, Civil Engineering Branch,
Air Force Weapons Laboratory, Kirtland Air Force Base, New Mexico,
unpublished report, page 22,.January 1962.

c. Hampton, Delon, "A Study of Pore Air Pressure Generated in
Soil Subjected to Air Shock Waves," WL-TDR-64-3, Contract AF 29(601)-6002,
Air Force Weapons Laboratory- Kirtland Air Force Base, New Mexico, October
1964.
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1-3

1. TITLE AND/OR TYPE: 4-Inch Square Shock Tube

2. LOCATION: United Research Services
formerly Broadview Research Corporatiov
1181 Trousdale Drive
Burlingame, California

3. OWNER: United Rese.,rch Services

4. LOADING CHARACTERISTICS!

a. Type Wave: -Typical square wave

b. Pressure: Minimum (psi) Maximum (psi)
Incident 2 Peak Reflected 70

c. Rise Time: About .3 milliseconds

d. Dwell Time: 0-10 milliseconds

e. Decay Time: 8-4 milliseconds

5. PHYSICAL DESCRIPTION (Figure not. available)

a. Shape: 4 inches square

b. Length: 44" compression chamber and 60" expansion chamber

c. Other: Soil bin 4 inches square by 2 feet long.

6. DRIVER: Compresses air

7. CONTROLS: Electro-mechanical rupturing of bursting diaphragm

8. AVAILABILITY: Presently operational

9. REFERENCE: Mason, H. G., Griner, 0. H., Waissar, R., Wallace, N. R.,
"A Study of Dynamic Soil Structure Interaction Characteristics of Real
Soil Media," United Research Services, Burlingame, California, RTD-TDR-
63-3075, page 20, December 1963.
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J-3

1. TITLE AND/OR TYPE: 40-72-Inch Diameter Shock Tube

2. LOCATION- Lovelace Foundation for Medical Education & Research
Sandia Base Laboratory
Albuquerque, New Mexico

3. OWNER: Defense Atomic Support Agency

4. LOADING CHARACTERISTICS: Data not available

5. PHYSICAL DESCRIPTION (Figures 40 and 41): Its overall length is
179 feet. The 15 foot long compression chamber is 40 inches in
diameter as is the first 125 feet of tite expansion chamber, after which
this diameter increases to 72 inches over a 9 foot conical section.
The 72 inch diameter test section is 30 feet long and is closed with

a blind flange.

6. DRIVER: Compressed air

7. AVAILABILITY; Available to a government agency with the consent
of the Director of the Defense Atomic Support Agency and Dr. C. S. White

of Lovelace Foundation.

8. OTHER CONSIDERATIONS: The entire shock tube is mounted on a system

of wheels and rails so the various components can be easily- interchanged.

9. DISCUSSION: The construction of this shock tube has recently been
comaoleted and has not yet been calibrated.

10. REFERENCE: "DASA-AEC-Lovelace Foundation Blast-Simulator
Facilities," Sandia Ease, Albuquerque, New Mexico. Report transmitted
by letter dated 7 April 1965 from Dr. D. Richmond, page 3, author and

date not available.
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K-3

1. TITLE AND/OR TYPE: High-Capacity Pressure Tube

2. LOCATION: U. S. Naval Civil Engineering Laboratory
Port Hueneme, California

3. OWNER: U. S. Navy

4. LOADING CHARACTERISTICS:

a. Type Wave: Typicai blast exponential

b. Pressure: Minimum (psi) 0 Maximum (psi) 1000

c. Rise Time: Instanteous Shock

d. Dwell Time: Variable

e. Decay Time: Variable

f. Duration: Equivalent to 10 MT weapon @ 1000 psi.

5. PHYSICAL DESCRIPTION (Figure 42):

a. Diameter: 16 inches

b. Length: 30 feet

6. DRIVER: Special low-detonation pressure AN-SN-FO-TNT explosive.

7. CONTROLS: None

F. AVAILABILITY: Proof of principle, model only.

9. DISCUSSION: Preliminary proof tests have been completed. A
suitable method was devised for achiev..ng a concentric
line charge without the use of carbon producing
combustibles. Good pressure-time records have been
achieved at overpressures less than 500 psi; no higb
pressure tests have been performed as yet.

10. REFERENCE: "First Semi-Annual Progress Report for FY-1965 on
Tasks Supported by the Defense Atomic Support
Agency-" U. S. Naval Civil Engineering Laboratory,
Port Hueneme, California, pages 4, 5, 6, and 7,
January 1965.
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L-3

1. TITLE AND/OR TYPE: High-Pressure Driven Shock Tube

2. LOCATION: MRD Division (General American Transportation Corp.)
7501 North Natchez Avenue
Niles, Illinois

3. OWNER: MRD Division

4. LOADING CHARACTERISTICS:

a. Type Wave: Square

b. Pressure: Minimum (psi) 0 Maximum (pst) 50

c. Rise Time: 0

d. Dwell Time: 5 ms

e. Decay Time: 10 ms

5. PHYSICAL DESCRIPTION (Figure 43):

a. Diameter: 10" I.D.

b. Length: 33 feet

c. Other: The test section is 6" X 8d and isolated by snlitter
plates.

6. DRIVER: Helium Gas Or Compressed Air

7. AVAILABILITY: Yes, by service or research contract with MRD.

8. DISCUSSION: A high capacity vacuum pump is available for evacuatinR
the expansion, chamber. Shock strengths of 34 can be
obtained. The tube is equipped with a Kach-Aehnder
interferometer and necessary apparatus to permit
observation of flow characteristics by schlieren
methods. The interferometer yield is eight inches
In diameter and has a resolution better than one-
quarter of one inch.

The tube has been used to determine shock loadings and response,
including a study of an X-ray technique to monitor shock loaded soil
response and a study of diffraction loads on aircraft shelters.

Piezoelectric crystal gauges are used for the measurement of
dlffrzction and drag loads on shock-loaded models.
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M-3

1. TITLE AND/OR TYPE: General Electric Shock Tubes & Tunnels

a. Electrically heated helium driver.- 6' shock tube

b. Electrically heated helium driver - 30" shock tunnel

c. Combustion driver - 54" shock tunnel

d. Combustion driver - 30" shock tunnel

e. Combustion driver - 10" shock tunnel

2. LOCATION: General Electric Co. - Sp'ce Sciences Lab.
Valley Forge Snace Technol.Jk7 Center
King of Prussia, Pa.

3. OWNER: G. E.: a & b
U.S.A.F.: c, d & e

4. LOADING CHARACTERISTICS:

a. Type Wave - Normal Aerodynamic Shock Wave

b. Pressure

(1) Static - Figure 51

(2) Dynamic - Figure 52

c. Force

(1) Function of model shape & size

d. Rise Time - < 1 microsecond

e. Dwell Time

(1) Air - 10 microseconds to 5 msec

(2) Air & Driver Gas -- 100 microseconds to 20 msec

f. Decay Time - zern to 500 microseconds to 1/2 Pmax.

5. PHYSICAL DESCRIPTION'

Figurey 45 & 46-- 6" Dia.. electric arc discharge shock tube (a)

Fiure 47 - 2"-30" Dia,, electric arc discharge shock tunnel (b)
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Figure 48 - 6"V-54" Dia., combustion shock tunnel (c)

Figure 49 - 2"-30" Dia., combustion shock tunnel (d)

Figure 50 - 2"-10" Dia., combustion shock tunnel (e)
(also shock-on-shock modification using
heated driven tube gas as blow-down
reservoir to establish Mach 7 flow over
test model prior to shock tube- operation)

Figure 44 - Summary Description of Tubes & Tunnels

6. AVAILABILITY: (a) 1966, (b) 1966, (c) 1966, (d) Oct. 1965,
(e) Nov. 1965
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I.LARGE SHOCK IA. AERODYNAMICS - FLUID MECH

TUNNEL IB. HIGH ENERGY FLOWS

COMBUSTION -. "
EIZZ~zz230" * 54.3122 ' 0 -- _

2. SMALL SHOCK IA. AERODYNAMICSTUNNL IA. ERODNAMCS-FLUID MECH.TUNNEL 1

COMBUSTION 2"

51 29' -

3.CLEAN SHOCK A. HIGH ENERGY FLOWS
TUNNEL B. AERO-FLUID MECH

COMBUSTION 2" i _
.... - 30"

CLEANING SYSTEM -T
4.HYPERVELOCITY A. HIGH ENERGY FLOWS

SHOCK TUBEI B. FLUID MECHANICS

ELECTRICAL

304 6
KJ 2 30'

5. HYPERVELOCITY A. HIGH ENERGY FLOWS
SHOCK TUNNEL _

ELECTRICAL
•,; 30"

768 M 4 17' -T
K~J 12

FIGURE 44. SUMMARY DESCRIPTION OF OPERATING SHOCK TUBE
AND SHOCK TUNNELS.
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N-3

-: 1. TITLE AND/OR TYPE: Low-Pressure Loader (2)

2. LOCATION: URS Corporation
1811 Trousdale Drive
Burlingame, California

3. OWNER: DASA

4. LOADING CHARACTERISTICS:

a. Type Wave: Step Wave, (a square wave can be applied tu the
sample by means of a limiting niston)

b. Pressure: Minimum (psi) 10 Maximum (psi) 500 in chamber

z. Force: Minimim (ibs) Maximum (lbs) 20,000 w/multiplier

d. Rise Tize: Variable from about 200 microseconds to quasi-
static

e. Dwell Time: Continuous as desired

f. Decay Time: About 200 microseconds at the input end of the
sample by arresting loading piston

5. PHYSI*AkL DESCRIPTION (Figure 53):

- a. Diameter: 4 in. I. D.

b. Length: 8 in. (Compression Chamber only)

c. Other: Length of expansion chamber is variable. The maximum
stress applied to a sample can be increased substantially
above the chamber pressure by means o: a multiplier
piston. Stresses in excess of 3500 psi have been
developed in 1 1.12 in.diameter samples.

6. DRIVER: Compressed air-piston

7. CONTROLS: Electromecharical rupturing oF bursting diaphragm

8. AVAILABILITY: Currenatly operational, contact above address

9. OTHER CONSIDERATIONS; Loaders can be used for calibrating pressure
transducers and free-field stress gauges,
as well as, generatirL stresses in soil samples.
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PLUNGER

WILSON SEAL

LOW PRESSURE
COM4PRESSION
CHAMBER

DIAPHRAGM,------
PLATE DIAPHRAGM
TRIGGER PILATE- GSKT

SEAT LOAD-. GAUGE PORT
PLATE

~-- AIR INPUT PORT
PLEXIGLAS PISTON - PACR PAT

-PISTON PLATE

-SPACER PLATE
CYLIN DRICAL I L
CAPACITANCE - -CAPACITANCE

PLATE -~.~ DISPLACEMENT
~. ~ TRANSDUCER

ELECTRICAL EIr-I- 'D
INPUT PORT LATEX

MEMBRANE

3/ " ~ FLUID PRESSURE

0. I GAUGE PORT

PLEXIA~LAS FLUID
CYLINDER 2.CHAMBER

FLUID PRESSURE
GAUGE PORT

NOTES:

SCALE IY4l - -, BA.A

(USUiALL FERROUS)

SPLASTIC
(USUALLY PLEXIGLAS) G~

FIGURE 53. FLUID BOUNDARY WAVE PROPAGATION DEVICE WITH
LOW-PRESSURZ LOADER.
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10. REFERENCE: Zaccor, J. V., "Techniques and Equipment for
determining Dynamic Properties of Soils", United
R-search Services, Incorporated, Burlingame,
Calif., URS B155-24. pp 9-11, July, 1962.
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0-3

1. TITLE AND/OR TYPE: MRD-Detonation-Driven Shock Tube

2. LOCATION: MRD Division (General American Transportation Corp.)
7501 North Natchez Avenue
Niles, Illinois

3. OWNER: MRD Division

4. LOADING CHARACTERISTICS:

a. Type Wave: Exponential Decay

b. Pressure: Minimum (psi) 0 Maximum (psi) Incident 4000
P.eflected 10,000

c. Force: Minimum (ibs) 0 Maximum (lbs) Reflected 1,000,OCO

d. Rise Time: 0

e. Dwell Time: 0

f. Duration: To 1/2 peak pressure up to 2.0 milliseconds

5. PHYSICAL DESCRIPTION (Figure 54):

a. Diameter: 12 inches inside diameter

b. Length: 36 feet, 6 inches

6. DRIVER: Detottable gas such as propane-oxygen, methane-oxygen,
hydrogen-oxygen

7. AVAILABILITY: Yes, by service or research contract with MRD

8. DISCUSSION: Pressure and shock velocity are measured with Kistler
piezoelectric crystal pressure transducers.

The shock tube has been used to study the gas dynamics of the
interaction that takes place when detonation waves are used to
generate high overpressure shock waves.
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FIGURE 54. PHOTOGRAPH SHOWS 12-INCH I.D.

II

SHOCK TUBE RIGHT 8k 2 1/"8- iNCH
I.D. DETONATION DRIVEN SHOCK

TUBE-LEFT
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P-3

1. TITLE AND/OR TYPE: NCEL Shoct Tube (Combination)

2. LOCATION: U. S. Naval Civil Engineering Laboratory
Port Hueneme, Cal:ifornia 93041

3. OWNER: U. S. Navy

4, LOADING CHARACTERISTICS:

a. Pressure: Minimum (psL) 0 Maximum (psi) 12

b. Force: Minimum (lbs) 0 Maximum (Ibs) 1728

c. Rise Time: 1 msec

d. Decay Time: See duration

e. Duration: Positive phase is 40 milliseconds open tube; 400
milliseconds modified closed end.

5. PHYSICAL DESCRIPTION (Figure 55):

a. Size: 1 foot squared

b. Length: 38 feet

6. DRIVER: Compressed air using a mylar diaphragm broken by a wax
projectile shot from a modified 22-caliber rifle.

7. CONTROLS: Manual

8. AVAILABILITY: Scheduled for use as a pressure loading device
until July 63. Usually available on arrangeme-t
for several months each year.

9. OTHER CONSIDERATIONS: When used as a pressure loading device the
square tube is blanked off and the cylindri-
cal tank is connected to an 8-inch-diameter
tube made of eAtra heavy steel. The positive
phase duration can be varied from aboit 0.5
seconds to 5 secondr. Maximum overp'.essure
is 150 psi.

10. DISCUSSION: Items to be, tested, sarch as blast closure valves,
are connected to the 8-inch tubc but separated from
the tank by a mylar diaphragm. The diaphragm is
broken as above (Driver) and at the same instant sole-
noid val'ies on the tank are opened to release the air
pressure.
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The shock tube is being used to test fragile items such as air
filters, which would be located downstream from a blast closure valve
and subject to small shock waves due to leakage (5 to 10 psi). The
pressure loading device is being used to test a blast closure valve
designed by BUSHIPS. This equipment will be continued to be used for
similar purposes in the future. There are no immediate plans for in-
creasing the capacities of the equipment.

11. REFERENCE: Christensen, W. J., Captain, CEC, USN, "Summary on
NCEL Shock Tube and Valve Loading Device," Ltr dtd 31 March 1964.
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0-3

1. TITLE AND/OR TYPE: 6-Foot-Diameter Shock Tube

2. LOCATION: Eric H. Wang Civil Engineering Research Facility
Area Y
Sandia Base, New Mexico

3. OWNER: U. S. Air Force

4. LOADING CHARACTERISTICS:

a. Type Wave: Traveling

b. Over-Pressure: Minimum (psig) 2 Maximum (psig) 100

c. Rise Time: instantaneous

d. Positive Phase Duration: 190 milliseconds at 100 psig
overpressure

5. P"YSICAL DESCRIPTION (Figures 56, 57, & 58):

a. Diameter: 6 Foot outside diameter

b. Length: 246 feet overall

c. Other: 22 pieces of 72 inch O.D. steel pipe make up the tube
utilizing 5, 6, 7, 10, 15 and 20 foot long sections.

6. DRIVER: Primacord is use.: A volume-detonation technique similar
to that applied in explosive-gai shock tubes, is employed
in using the primacord. The primacord is distributed
over a finite length of compression chamber on expendable
cross wires that are attached to the walls of the chamber.

7. CONTROLS: The UED-Arnpex Control Console with 65 channels of re-
cording ability and 5 channels of time-mark.

8. AVAILABILITY: Available to contractors of the United States Govern-
ment on contracts requiring testing within the tubes
limitation. Scheduling is controlled by the Air
Force Project Office- and the Ditector of the Facility.

9. OTHER CONSIDERATIONS: Air blast testing is done on a limited basis.
Radar domes and structural shapes have been
tested and taken to distruction by small
incraments of overpressure.

114

t • le Jk'•



0 I

LL X
< L1~I

zjJJg

04NW D

X 00 ---
U)~~ w~

*(0)

LO

w

Ct,



LAJ
a)

(n LLI
uj ycr
a. LL 00 x

0 LL)
.0

Ld
0 Z 2
Lo 0

w uM w

LO

116



I I

0

• w 0

I

i _oz
0

,. I I

''I

100

"1170

go

S--

t4

liti

0;
2O

,t



10. DISCUSSION:

This 6 foot diameter-shock tube was formerly located at Gary,
Indiana and was operated for the Air Force by the Armour Research
Foundation. In Albuquerque, at Sandia Base, the WCERF is operated
under a service contract b? the Univernit7 of New Mexico. The 6
foot shock tube was redesl.gned to test soil and buried structures in
a 400 cubic foot bin. At Gary, it was used for air blast tents
primarily until Mr. Harol,! R. J. Walsh, AFWL, designed a small soil
bin and ran a few experivents. The testing of soil seemed pro nising
and led to the design of the present configuration and testing
program.

At this soil test section, there is a 5 foot by 8 foot opening
in the floor of the shock tube. The soil bin or the closure devIce
( used for air blast tests) is placed under this opening and jacked
into place. A reaction frame on the upper s 4 de of this test opeuin.
and completely divorccd from the tube resists the upward force.
Based on a maximum overpressure of 100 psig the upward fcrce is
approximately a 576,000 pound -.hrust.

The tube, at the test section, crosses a pit which contains two
400 cubic foot bins and the closure device. A Linkbelt car spotter,
through a pully systert and a turntable, pulls the bin on rails to a
position over four sycronized jacks. The jacks when energized raises
the bin into place. The soil bins are 5 feet wde, 8 feet long aad
10 feet deep, and are constructed of one inch steel plate that is
reinforced with vertical and horizontal stiffners.

At the air test section four view ports for Fastax camera re-
cording are available. The viewing windows are 3/4 inch thick and
7 1/2 inches in diameter and are made of "Plex II," an optically
pure Lucite material. A similar view port is installed at the soil
test section.

Ottawa sand has been used as the soil media in tests to date but
clay and coarse soils are to be used as ttsting continues. The sand
is placed in the bin vising a rainiug te,.hnique. This method of
placing the Ottawa sand affords controlled densities of the soil, by
raising or lowering the containers to a measured fall.

The 6 foot diameter tube will be used in gathering information
for the following studies:

•. Measurement of shock strentth in the step-shock repion.

b. Pressure profilu to determine location of complete shock
formatio-,.

118

rI~bIla



c. Complete time-duration data in step-shock region to plot

timt. and distance parameter curves.

d. Compile more data to allow a statistical method of avieraging.

11. REFERENCES:

a. Holt, R. E., and Crisr, R. A., "Calibration of a Six-Foot
and a Two-Foct Diameter Shock Tube," by the University of New Mexico
Contract AF 29(601)-4520 for AFWL, Ki-tland AFB, New Mexico, SWC-
TDR-63-5, pages ii, 1, 2, 7, 8, 9, 10, 11 and 14, April 1963.

b. Panti.1l, Jack P., Capt, USAF, "AF Shock Tube Facility
OperationsY Xq Air Force Special Weapons Center, AFSC, Kirtland AFB,
New Mexico, page 7, 9, 17, A-2, A-7 and A-13, January 1962.
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R-3

1. TITLE AND/OR TYPE: 6-Inch Loader

2. LOCATION: URS Corporation
1811 Trousdale Avenue
Burlingame, California

3. OWNER: DASA

4. •LOADING CHARACTERISTICS:

a. Type Wave: Step Wave

b. Pressure! Minimum (psi) 25 M4aximum (psi) 2000 in chamber

c. Force: Minimum (lbs) ?Kiximum (:.") 80,C00

d. Rise Time: Variable

e. DweJl Time: Continuous

5, PEUYSICAL DESCRIPTION

a. Diameter: 6 inch I. D.

b. Length: 16 inch (Compression Chamber only)

t. Other: This is a modified cold gas shock tube similar to the
other URS devices.

6. DRIVER: Compressed Air-pisto'.

7. CONTROLS: Electro-mechanical rupturing of tursting diaphragm.

8. AVAILABILITY: Under development, essentially completed but n:r Yet
tested.

9. OTHER CONSIDERATIONS: This loader was designed for application of
shock type loadings to soi. samples 6 Inches
in diameter.

10. REFERENCE: None



S-3

1. TITLE AND/OR TYPE: Shock Tube Loading Facility for Soi.sa

2. LOCATION: IIT Research Institute of Illinrjis Institute of Technology
Technology Centeri
Chicago 16, Illinois

3. OWNER: lIT Research Institute

4. LOADING CHARACTERISTICS:

a. Pr-issure: Minimum (psi) 0 aximum (psi) 30

b. Rise Time: Less than 1 millisecond, essentially zero

c. Peak Pressure Duration: 5 milliseconds

d. Duration: Greater than 14 milliseconds

5. PHYSICAL DESCRIPTION (Figures 59, 60, 61 & 62):

a. Cross Section: 8 inches x 8 inches

b. Length- 21.29 feet

c. Other: Seven flanged rections of 36 1/2 inches/section.

6. DRIVER: Compressed Air

7. AVAILABILITY: Contact above address

8. OTHER CONSIDEU.,TIONS: One end section is used as the driver
section and is separated from the rest of the tube by a plastic membrane.
This sectioa is pressurized to a predetermined level and the membrane
punctured suddenly causing an air shock vavc to travel dow the tube.
By using different lengths of driver section, the pressurized volume
can be altered thceI'y c€anging the decay time of the air pulse loading.
The shock tube ay be fittted with a £ foot long thin wall 3 inch
diameter cylindrical f'be. The latter extended up into the shock tube
and is attached to a k't end plate having a 3 inch diameter hole
centrally located ane in line with the cylindrical tube. This plate
theM is bolted to the far end of the shock tube. A sand column is
mo3 ated horizontally outside the tub* with one and extending Into the
3 inch diUmeter hole. Norually a 32 inch long specimen is used.

The tube also ts supplied with a test chamber which consists of
a steel framed box with a height of 24 inchac, a length of 24 inches
and a width of 4 incees. The front face of the box consists of a
panel of plate glass and s piata glass liner against the rear face.
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?. OISCUSSION: Thin device has been used for soil loading in
stu6ies of (1) one-dimensional stress vave propagation (2) roof
loads on underground structies, and (3) air shock induced
accelerations in soil.

10. REFERENCE: "Shock Tk-ibe Loading Facility For Soils$' Soil
Me€,mics Laboratory, ITT Rssearch Institute, pages 1, 4, 7, 8 end
10, August 1963.
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T-3

1, TITLE ,ND/OR TYPE: The 4 x 15-Inch-Diameter Shock Tube

2. LOCATION: U. S. Arwmy Ballistic Research L'tbiratory
"Aherdeen Proving Groutid, Marylanu 21L.05

3. OWXER: U. S. Army

4. LOADING CHU.A CTERISTICS:

a. Type Wave: Variable shaped peak wave or step slhck with the
duration dependent upon the driver length.

b. Pressure: Minimum (psi) 0.32 PSIA Maximmu (pti) 15 PSIG

c. Duration: Minimum of 7 usec. for peak shock and max. 35 asec

for step shock.

5. PHYSICAL DESCRIPTION (Figure 63):

a. Size; 4': X 15" I.D. 1/2" thick wall

b. Length: 45.5 feet approximately

c. Other: Driver section 24 inch muinium length with arrangaments
to add additional sections of 34 inches per section.
Tho tube utilizes a cellophane or mylar diiphragm of
varying thicknesses. An electric solenoid averated
knife edge or hot wires are used to rupture diaphragm.

6. DRIVER: Cold gea drivcu with air, helium, or nitrogen.

7, AVAILABILITY: UI. S, Govermnet *nd Govermtent Contractor

8. OTHER CONSIDERATIONS: the tubs 'A&* three tast r'ectiaUs which
consist of: 1) 34" se'tiius whiLh have 2-2" opposed rarts. 7) 34"

ortical me.Ctioss with 9.75 Inch parts utilizing either matcbed opcical
windows or 1" thick plats glass, and 3) a 48" photographic section
with 15 inch X 15 iich - 1 inch thick plate glass windows. The window
parts have an openung of 15 inches X 17 inches.

9. DISCUSSION: The rectangular shock tubt is ideally suited to
measuremets of s",ock wave interaction vith, and flows about, tvo
dimenesonal models of full scale targets. The optical sections are
used with the schlierea systm ad/or the Nacb-Zebade taterioemeter.

10. wfwUMNU- This materl was extracted from a drcft report beia
prep&re for publication. It was trumitted from the r S. Amy
Ballietic Research Laboratories, by Hr. . 1. Minor, let .r dtd 16 July,
1961.
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U-3

1. TITLE AND/OR TYPE: 13-Inch-Diameter High-Pressure Shock Tube

2. LOCATION: Eric H. Wang Civil Engineering Research Facility
Area Y
Sandia Base, New Mexico

3. OWNER: U. S. Air Force

4. LOADING CHARACTERISTICS:

a. Type Wave: Shock pulse

b. Pressure: Minimum (psi) Maximum (psi) 1000

c. Rise Time: Instan-aneous

d. Duration Time: Up to 20 milliseconds, longer under some
conditions

5. PHYSICAL DESCRIPTION (Figure 64): This 13 inch inside diameter
tube consists of the following components: a 9.5 foot compression
chamber, seven 10 foot sections, blind flange closed ends, recoil
expansion section, a 2 foot diameter 40 feet long exhaust section and
four 100 top pistons to clamp one or two diaphragri separating the up
and dovn stream expansion tubes. The vall thickness of the tube is
1-1/2 inches.

6. DRIVER: Exploding gas (hydrogen and oxygen mixture)

7. CONTROLS: The tube is operated from a small "shock proof" control
room. These operations include control and regulation st the vacuum
system, and the purge systemý The control of all gas is accomplished
by the hand valves extended into the control room. On both sides of
the control room are the gas supply rooms containing hydrogen in one
and oxygen in the other, the valves and lines which convey the gases
to the controls.

8. AVAILABILITY: Available to other govtrment agencies and to
cuntractors of the United States Government on contracts zzquiring
the use of and within the limitations of the loader. Scbedulivg is
controlled b> the Air Force Project Officer and the Director J the
Facility.

9. OTHER CONSIDERATIONS: Tra Ignition of the gas mixture in the driver
section is accomplished by 14 *park plugs distributed on each side of
the drive, chamber. The pl4s can be fired individually or simultaneously.
The t,-he can also be driven by non-explosivo -es pressure. There are
vacuum r.,ps connected to the expansion test section -,hich allows the
tube to be evacuated to o-caln blau]ated 64ock strengths up to 15,000
psi. 129
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10. DISCUSSION: This tube will be used to extend the pressure results
of lesser pressured tube experirments which is an area void of information.
The tube will also be used in blast pressure attenuation studies in
tunnels and other umderground configurations.

11. REFERENCE: Mahoney, James A., "The Air Force Shock Tube Facility,"
Civil Engineering Branch, Air Force Weapons Laboratory, Kirtland Air
Force Base, New Mexico, Unpublished report.
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V-3

1. TITLE AND/OR TYPE: 3-Inch-Diameter High-Pressure Loader
(Modified cold gas shock tube)

2. LOCATION: URS Corporation
1811 Trousdale Drive
Burlingame, California

3. OWNER: DASA

4. LOADING CHARACTERISTICS:

a. Type Wave: Step Wave (A square wave can be applied to the
sample by means of a limiting piston)

b. Pressure: Minimum (psi) 10 Maximim (psi) 2000 in chamber

c. Force: Minimum (lbs) Maxirum (lbs) 80,000 w/multiplier

d. Rise Time: Variable from about 300 microseconds to quasi-
static

e. Dwell Time: Continuous as desired

f. Decay Time: About 200 microseconds at the input end of the
sample by arresting the loading piston

5. PHYSICAL DESCRIPTION (Figure not available)

a. Diameter: 3 in. I.D.

b. Length: 9 in. (Compression Chamber only)

c. Other: The maximum stress applied to a sample can be increased
substantially by means of a multiplier pis•)n in
accordance with 4c above and the sample area.

6. DRIVER: Compressed air-piston

7. CONTROLS: Electro-mechanical rupturing of bursting diaphragm.

8. AVAILABILITY: Presently operational

9. OThER CONSIDERATIONS: I.-paratus has been used for studying shocks
propagating in 1 1/2 inch emeter samples to exauise momentum and
energy distribution with time and distances. To date stresses as high
as 7000 psi have been gunerated in samples of this size.

10. REFEREKE: J. V. Zaccor, and N. R. Wallace, 'Techniques and
Equipment for Determining Dynamic Properties of Soils", United Research
Services, Ourli•game, Calif., DASA 1421, P. 14, November 1963.
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W-3

1. TITLE AND/OR TYPE: 12-Inch-Diameter Shock Tube

2. LOCATION: Lovelace Foundation for Mcdical Education and Research
Sandia Base Laboratory
Albuquerque, New Mexico

3. OWNER: Defenso Atomic Support Agency

4. LOADING CHARACTERISTICS:

a. Pressure: M-nimmn (psi) Incident 0 Maximum (psi) Incident 42
Reflected 136

b. Duration: Positive phase of 16-20 milliseconds

5. PHYSICAL DESCRIPTION (Figure 65):

a. Diameter: 12 inches inside diameter

b. Length: 32 feet, 6 inches (variable)

c. Other: 3/8" thick wall with a 2 foot, 6 inch compression
chamber utilizing a fravlible diaphragm and a 30 foot
expansion chamber. Closed end with animal cage mounted
on end-plate.

6. DRIVER: Compressed air

7. AVAILABILITY: Available to a government agency with the consent
of the Director of the Defense Atomic Support Agency and Dr. C. S. White
of Lovelace Foundation.

8. DISCUSSION: This tube has been used to develop a shock tube and
related techniques for exposing animals to air blast at diffprent
ambiest pressures and to explore the tolerance of mice to "sherp"
ri'iug overpressures of "long" duration as related to pre-shoi
amblent pressures ranging from a fraction of an atmosphere to several
atmor.iheres. Shock priasu'es are measured with pieazoelecttic jauges mounted
side on in the wall of the tube 6 incies upstream from tte e9W plate.
Gauges were also located on the end-plate to record the pressure time
wave form at the position of the animals. The transducers contain
sensors of lead aetaniobate (model ST-2, Susquehanna Instrnments, Bel
Air, Maryland). Overpressures In the expansion chamber before and
after blast* are rensured by s Bourdon-type dial pressurn gauge. (Heise
Bourdon Tube Co., Newton, Coon.).
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FIGURE 65. 12" DIAM. SHOCK TUBE
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9. REFERENCES.

Edward C. Damon, Donald R. Richmond, and Clayton S. White,
"The Effects of Ambient Pressure on the Tolerance of Mice to Air

Blast," Technical Progress Report on Contract No. DA-49-146-XZ-
055, pages 1, 3, 5, and 7, March 1964.

"DASA-AEC-Lovelace Foundation Blast-Simulation Facilities,"
Sandia Base, Albuquerque, New Mexico. Report transmitted by letter
dtd 7 April 1965 from Dr. D. Richmond, page 2, author and date not
available.
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X-3

1. TITLE AND/OR TYPE: 24-40-Inch-Dimeter Shock Tube

2. LOCATION: Lovelace Foundation for MediLcal Education & Research
4 Sandia Base Laboratory

Albuquerque, New Mexico

3. OWNflR: Defense Atomic Support Agency

4. LOADING CHARACTERISTICS:

a. Pressure: Minimum (psi) 0 Maximum (psi) Reflected 60

b. Rise Time: Instantaneously vith freedom of driver.

c. Duration: Approximately 400 milliseconds

5. PHYSICAL DES•CRIPTION (Figures 66 and 67):

a. Diameter: Compression chamber 40.5 inches, 3 foot transition
section to 2^.5 inches

b. Length: Overall 70 feet - Compression chamber 17.5 feet
including 3-foot transition and an expansion chamber
of 53.4 feet.

c. Other: It is closed distally by a steel end-plate to generate
high pressures from the reflected shock. Three vents
in the expansion side of the system serve to control the
duration of the overpressure and to eliminate multiple
Yeflections by bleeding off the reflected shock as it
travels upstream.

6. DRIVER: Compressed air

7. AVAILA3ILIT-: Available to a goverment agency with the consent
of the Director of the Defense Atomic Support Agency & Dr. C. S. White
of Lovelace Foundation.

8. OTMfl CONSIDERATIONS: A diaphragm of mylar sheets of 0.010 and
0.0075 thick are used. A predetermined namber being used to hold a
given pressure In the driver section is used. Diaphragms are ruptured
by lead pellets from a saved-off 12-gauge shotgun rmmted on the tube.

9. DISCUSSION: This tube has been used on mice, rate. guinea pigs,
rabbits, dogs ,*to to determine the mortality "s related to the
magnitude of ident &M4 rcflcted s*bck fronts of a sivulatad
nuclear bleat.
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10. REFERENCES:

Richmond, Clare, Goldizen, Pratt, Sanchez & nWhite, DASA 1246,
TechnicaliProgress Report on Contract No. DA-49-l46-XZ-055, Love'ace
Foundation, Pages 1, 5, 6, & 16, April 7, 1961.

"DASA..AEC-Lovelace Foundation Blast-Simulator Facilities,"
Sandia Base, Albuquerque, New Mexico. Report transmithed by letter
dtd 7 April 1965, from Dr. D. Richmond, pages 1 & 2, author and date
not available.
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Y-3

1. TITLE AND/OR TYPE: 24-Inch-Diameter Shock Tube

2. LOCATION: Lovelace Foundation for Medical Education and Research
Sandia Base Laboratory
Albuquerque, New Mexico

3. OWNER: Defense Atomic Support Agency

4. LOADING CHARACTERISTICS:

a. Pressure: Minimum (psi) 0 Maximum (psi) Incident 35

b. Rise Time: Instantaneously

c. Duration: 40 to bO milliseconds

5. PHYSICAL DESCRIPTION (Figures 68 & 69):

a. Diameter: 23 1/2 inches I.D.

b. Length: 76 feet, 2 inches (variable)

c. Other: Side wall 1/2 inch thick, a 5 foot compression section
utilizing Du Punt Mylar Diaphragms, 71 feet, 4 inch
cxn.snsion section. 3 feet, 6 inc? test sectior is located
47 feet, 8 !'ches downstre•v from the diaphrag-.. Fired
open ended. Two different test sections may be used
with this tube.

6. DRIVER: Compressed air

7. AVAILABILITY: Available to a government agency with the consent of
the Director of the Defense Atomic Support Agency & Dr. C. S. White of
Lovelace Foundation.

8. OTHER CONSIDERATIONS: The test section has four chaiber-mounttu.
The chambers are so arranged as to utilize three different goosetries
by using extensions and wooden blocks. Each chamber is always placed
end-on with respect to the incident shock front. The 20 X 20 inch
square test section contains glass ports for high-speei camera viewing.

9. DISCUSSION: Animals (guinea pigs) are exposed to air blast while
mounted in the four chambers in the test section. Plat-electric
gauges (Model ST-2) containing lead metaniobate sensing elements are
us•d to measure pressure-tine variatiou. Permanent pressure-time
records are taken by photographing the sweep on the face of the cathode
tube o&' an oscilloscope with a Polaroid Land Camera.
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10. REFERENCES:

Richmond, Donald R., Clare, Victor R., and White, Clayton S.,
DASA-1334, Technical Progress Report, Lovalace Foundation, pages
1, 2, 3, 4, 6, 12, and 17, October 27, 1962.

"DASA-AEC- Lovelace Foundation Blast-Simulator Facilities,"
Sandia Base, Albuquerque, New Mexico. Report transmitted by ltr
dtd 7 April 1965 from Dr. D. Richmond, page 2, author and date
not available.

143



SECTION IV

PLANE WAVE LOADERS

;

I 45



A-4

1. TITLE AND/OR TYPE: Boynton Dynamic Load Generator

2. LOCATION: United Research Services formerly

Broadview Research Corporation
1181 Trousdale Drive
Burlingame, California

3. OWNER: DASA

4. LOADING CHARACTERISTICS:

a. Type Wave: Plane Wave

b. Pressure: Minimum (psi) 20 Maximum (psi) 500

c. Rise Time: 0.5 to 2.0 millisecond5

d. Duration: I second or can be prolonged indefinitely.

5. PHYSICAL DESCRIPTION (Figure 70):

a. Diameter: Sample opening 12 inches

b. Shape: Dome, which consists of cartridge reainer, firing
chamber, a baffle assembly, dome retainer ring, sample holder
and stand.

6. DRIVER: Detonation of a cartridge containing PETN

7. CONTROLS: A "Controller" console which provides a complete firing
cycle, such as; timing sequence of events, power to trigger oscilloscope
cameras, excites pressure transducers and fire.

8. OTHER CONSIDERATIONS: The Dynisco Model PT 76U-7.5C pressure
transducer was decided upon because of reliability of performance
in this specific app'ication.

9. DISCUSSION: The generator is designed to test small samples,
such as soil, under a dynam-,. load of predetermined characteristics.

10. RzEFRENCE: Boynton, Wm. V., Final Report, "Research Conceruing
Investigations and Devel.pment of a Laboratory Model 500 PSI Dynamic
Load Generator for Soil T,%.-:tng, and Its Operational Instrumentation
System." Defense Atomic Suppo!'t Agency Contract No. DA-29-146-XZ-017,
pages 1, 3, 4, 7, and 8, %cember 1960 and Appendix I, Same Author,
"Operational Manual of 5163 PSI Laboratory Model Dynamic Load Generator,"
Defense Atomic Support Ageac), Contract No. DA-49-146-XZ-017, pages 1,
2, 7, 8, and Drawing BA-03-10, Jdly 1960.
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B-4

1. TITLE AND/OR TYPE: Boynton Dynamic Load Generator

2. LOCATION: Massachusetts Institute of Technology
Soils Group
77 Massachusetts Avenue
Cambridge 39, Mass.

3. OWNER: DASA

4. LOADING CHARACTERISTICS:

a. Type Wave: Plane Wave

b. Pressure: Minimum (psi) 25 Maximum (psi) 500

c. Rise Time: 0.5 to 2.0 milliseconds

d. Decay Time: Variable from 0.3 seconds

e. Duration: 1 second or can be prolonged indefinitely

5. PHYSICAL DESCRIPTION (Figure 70):

a. Diameter: Sample opening 12 inches

b. Shape: Dome, which consists of cartridge retainer, firing
chamber, a baffle assembly, dome retainer ring, sample
holder and stand.

6. DRIVER: Detonation of a cartridge containing PETN

7. CONTROLS: A "Controller" console which provides a complete firing
cycle, such as; timing sequence of events, power to trigger oscilloscope
cameras, excites pressure transducers and fire.

8. AVAILABILITY: Not known

9. OTHER CONSIDERATIONS: The Dynisco Model PT 76U-7.5C pressure
transducer was decided upon because of reliability of performance
in this specific applicaticu.

10. DISCUSSION: 1'he generator is designed to test small samnpee,
such as soil, under a dynamic load of predetermined characteristics.
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11. REFERENCE: Boynton, W•n. V., Final Report, "Research Concerning
Investigations and Development of a Laboratory Model 500 PSI Dynamic
Load. Generator for Soil Testing and Its Operational Instrumentation
System," Defense Atomic Support Agency Contract No. DA-49-146-XZ-017,
pages 1,3,4,7, and 8, December 1960 and Appendix I, Same Author,
"Operational Manual of 500 PSI Laboratory Model Dynamic Load Generator,"
Defense Atomic Support Agency, Contract No. DA-49-146-XZ-017, pages 1,
2, 7, 8, and Drawing BA-D3-10, July 1960.
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C-4

1. TITLE AND/OR TYPE: Boynton Dynamic Load Generator

2. LOCATION: Stanford Research Institute
Physics Departmeit
Menlo Park, California

3. OWNER: DASA

4. LOADING CIARACTERISTICS:

a. Type Wave: Plane Wave

b. Pressure: Minimum (psi) 25 Maximun (psi) 500

c. RiseTime: 0.5 to 2.0 milliseconds

d. Decay Time: Variable from 0.3 seconds

e. Duration: 1 second or can be prolonged indefinitely

5. PHYSICAL DESCRIPTION (Figure 70):

a. Diameter: Sample opening 12 inches

b. Shape Docme, which consists of cartridge retainer, firing
chamber, a baffle assembly, dome retainer ring, sample
holder and stand.

6. DRIVER: Detonation of a cartridge containing PETN

7. CONTROLS: k "C-.utvolie-" console which provides a complete firing
cycle, such as; tiflinf sequence of events, power to trigger oscilloscope
cameras, excites pressure transducers and fire,

8. AVAILABILITY: Not known

9. OTHER CONSIDERATIONS: The Dynisco Model PT 76U-7.5C pressure
transducer was decided upon because of reliability of performance in
this specific application.

10. DISCUSSION: The generator is designed to test small samples, such
as soil, under 3 dynamic load of predetermined characteristics.
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11. REFERENCE: Boyntou, Win. V., Final Report, "Research Concerning
Investigations and Devclopment of a Laboratory Model 500 PSI Dynamic
Load Generator for Soil Testing and Its Operational Instrumentation
System," Defense Atomic Support Agency Contract No. DA-49-146-XZ-017,
pages 1, 3, 4, 7, and 8, December 1960 and Appendix I, Same Autbor,
'.Operational Manual of 500 PSI Laboratory Mod2l Dynamic Load Geueratoz."
Defense Atomic Support Agency, Contract No. P1'-49-146-XZ-017, pages 1,
2, 7, 8, and Drawing BA-D3-10, July 1960.
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D-4

1. TITLE AND/OR TYPE: Dynamic Slab Loader

2. LOCATION: U. S. Naval Civil Engineering Laboratory
Port Hueneme, California

3. OWNER: U. S. Navy

4. LOADING CHARACTERISTICS:

a. Type Wave: Plane

b. Pressure: Minimum (psi) 0 Maximum (psi) 300

c. Force: Minimum (ibs) 0 Maximum (lb.) 1,560,000

d. Rise Time: 1 to 3 milliseconds

e. Decay Time: Several seconds

5. PHYSICAL DESCRIPTION (Figures 71 & 72):

a. Dimensions; Outside 10 ft X 10 ft X 4 ft; Inside 6 ft X
6 ft X 1 1/2 ft; Topless reinforced concrete
box with a plate steel liner.

6. DRIVER: Detonation of primacord in each of four tubes.

7. CONTROLS: Peak dynamiL pressure, lateral restraint of slab,
clamped vs simply supported edges.

8. AVAILABILITY: After July 1966 by arrangement

9. OTHER CONSIDERATIONS: Static pressures will be developer, by
pumping fluid urder pressure into the chamber benenth the slabs.

10. DISCUSSION: Slab specimens are placed on top of the slab
loader and are fastened to the loader vith anchor bolts located
around perimeter of the specimen. Edges of the slab way be either
clamped or simply supported; the edges can also be restrained against
lateral displacenent by means of stiffened angles located around the
top periphery of the slab loader.

11. REFERENCE: "First Semi-Annual Progress Report for FY-1965 on
Tasks Supported by the Defense Atomic Support Agency," U. S. Civil
Engineering Laboratory, Port Hueneme, California, pages 13, 14, 15
and 16, January 1965.
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E-4

1. TITLE AND/OR TYPE: Soil Tank

2. LOCAT ION: U. S. Naval Civil Engineering Laboratory
Port Hueneme, California

3. OWNER: U. S. Navy

4. LOADTNG CHARACTERISTICSi

a. Type Wave: Static, plane

b. Pressure: Minimum (psi) 0 Maximum (psi) 300

5. PHYSICAL DESCRIPTION (Figure 73):

a. Diameter: 60 inches

b. Length: Variable from 42 to 66 inches

c. Other: Segmented construction with 5-inch-high rings and
1/4-inch neoprene spacers.

6. DRIVER: Bottled nitrogen gas

7. CONTROLS: Precision pressure calibration unit.

8. AVAILABILITY: It is anticipated that there will be intermittent
periods of availability subsequent to FY 65.

9. OTHER CONSIDERATIONS: Earlier plans for a system to apply
dynamic loads to the contained soil have been shelved.

10. DISCUSSION: Work has been accomplished to develop a method of
determining the soil properties associated with the buried cylinder
that are required in response and buckling relations. A series of small
structure tests is currently underway in the facility to study soil
arching.

11. REFERENCE: "First Semi-Annual Progress Report for FY-1965 on
Tasks Supported by the Defense Atomic Support Agency," U. S. Naval
Civil Engineering Laboratory, Port Hueneme, California, pages 4, 5,
6, and 7, January 1965.
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F-4

1. TITLE AND/OR TYPE: Seven-Cell 4-Foot-Diaueter Gas Dynamic
Loader

2. LOCATION: University of Illinois
Dy-,mic Testing Laboratory
Departuent of Civil Engineering
Urbana, Illinois

3. OWNER: Defense Atomic Support Agency (Contract AF29(601)-6101)

4. LOADING CHARACTERISTICS:

a. Type Wave: Plane Wave

b. Pressure: Minimum (psi) 50 Maximum (psi) 750

c. Rise Tine: Eltrogen - 6 milliseconds or less
Hei•um - 3 milliseconds or less

d. Dwell Time: A few milliseconds to several hours

e. Decay Time: Variable from 30 milliseconds to one hour or
longer

5. PHYSICAL DESCRIPTION (Figure. 74 & 75): The device consists of
seven cells, six placed in a hexagonal configuration and one cell
in the center which will load a 4 foot diameter surface. The
loading unit ia supported by a hiavy steel frame on a massive
concrete foundation.

6. DRIVER: Nitrogeu and/or helium - the trigger mechanism is so
designed as to allow ail seven cells to fire simultaneously.

7. CONTROLS: The new Civil Engineering High Intensity bynamics
Test Laboratory is equipped with an instrumentation room which will
have firing controls and a separate storage for bottle gas.

8. AVAILABILITY: Arrangenents for use may e made by contacting
Professor George K. Sinnamon, Civil Rmgineering Department, 111 Talbot
Laboratory, University of Illinois, Urbana, Illinois.

9. OTHER CONSIDEIATIONS: The loading device is affixed to massive
concrete walls fomming a bridge over a large deep pit. In the pit
a soil bin carriage on rails supports the bin sections. The
carriage is equipped with a hydraulic Jacking system, which when In
the proper place Is energised end the soil bin ts raised into place.
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The soil blue will be 4 feet in diameter by 4 feei: to 8 feet deep.
The bins will be isolated in an attempt to eliminate shock
vibrations transferred from the foundation to the contents of the
bin.

10. DISCUSSION: The State of Illinois entered into a joint venture
vith DASA by appropriating $286,000.00 for the laboratory building
to house this loader. Both are in the construction and fabrication
stage at the time of this writing. Information was obtained from
the Air Force contract file. The Air Force has been the technical
monitors of this work since 1960. The initial firing of chis
device is anticipated early in the sumer 1965.
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G-4

1. TITLE AND/OR TYPE: 2-Foot Diameter Vertical Shock Tube

2. LOCATION: Eric H. Wang Civil Engineering Research Facility
U. S. Air Force
Area Y
Sandia Base, New Mexico

3. OWNER: U. S. Air Force

4. LOADING CHARACTERISTICS:

a. Type Wave: Plane wave exponentially decays in 30 to 40
milliseconds

b. Pressure: Maximus (psi)
Incident 250
Reflected 500

c. Decay Time: 40 milliseconds

5. PHYSICAL DESCRIPTION (Figure 76): The tube consists of one 2
foot pipe section and three 20 foot sections with flanges bolted
together for a total of 60 feet in height. The diameter is 24
inches outside diameter. It has a stetrnay with five landings for
loading access.

6. DRIVER: Prinacord is used and is placed at the open end at the
top of the tube. The tube is fired both ends open.

7. CONTROLS: UED-Ampex Control Center

8. AVAILABILITY: Available to other governent agencies and to
contractors of the US Goverment on contracts requiring the use of
and within the lIWitations of the tube. Scheduling Is controlled
by the Air Force Project Officer and the Facility D"rector.

9. OTHER CONSIDERATIONS: The testing area is inside the main
buildingj with the tube supported by a steel fraw work an a massive
concrete foundation. Access is provided for placing and removal of
a 4 foot deep soil bin.

10. DIRCUSSI0K: The tube has been sed principally for Instrumentation
proofing and development.
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H-4

1. TTTLE AND/OP TYPE: The Sinnamon Dynamic Loader

2. LOCATIOý': University of Illinois
Attn: Pr)f. George K. Sinnamon
Talbot Laboratory
Civil Engineering Department
Urbana, IlliLois

3. OWNER: Defense Atomic Support Agency (Contract A729(601)-2876

4. LOADING CHARACTZRISTICS:

a. Type Wave: Plane Wave

b. Pressure: Minimum (psi) 50 Maximum (psi) 780

c. 'orce: Minimum (lbs) Maximu, (lbs)

d. Rise Time: Helium - 2.8 milliseconds
Nitrogen - 5.6 milliseconds

e. Dwell Time: Adjustable from approximately 0 time to several
hours

f. Decay Time: Variable from a minimum of 30 milliseconds to
several hours

5. PHYSICAL DESCRIPTION (Figure 77 & 78): The loader stands
approximately 6' 0" high and is attached to a heavy structural
steel frame.

6. DRIVER: Helium or Nitrogen

7. CONTROLS: Machine is operated from an isolated control center
which contains a valved distribution system for the &as, gas storage,
firing controls and recording apparatus fot instrumentation.

8. AVAILARILITY: Arrangaments for use may be made by contacting
Professor George K. Sinamons lvil Rmgiueerir4 Department, III Talbot
Laboratory, University of Illioles, Urbana, Illinois.

9. OTHER CONSIDERATIONS: Ran attachment which Is rated et 300 kips.
The gas pressure is directed to a spring loaded riston producing a
ram effect.

10. DISCUSSION: This loader wan built as a pilot cell to test the
feasibility o.! the design prior to the construction of the 7 cell
4 foot !iametsr loader. The pilot cell wham operated for the
"1shake-dowv" tests produced loading pressures in xceos of 20 percent
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TRIGGER CART

TRI;3GER ACTUATING PISTON RLE

-MECHANICAL RESTRAINT

DECAY EXHAUST VALVE-,, ý---ACTUATING PISTON

ADJUSTABLE SLEEVE
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-'AY

CHARGING CHAMBER

CROS$HEAD -- ,

"--ADJUSTABLE SLEEVE
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FIGURE 77. SKETCH SHOWING THE SINNAMON DYNAMIC
LOADER BEFORE FIRING
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FIGURE 'TB. LOADER AFTER FIRING WITH THE
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higher thai nriginally required, it was decided to operate the cell
as a separate loading device. The rise time using helixm as a
driver was slightly faster than anticipated.

The device has been in operation for approximately 1.5 years
with very little maintenance necessary. The University has used
it in their soil study program. By utilizing a 14 inch diameter
collector plate, the machine has been used to conduct dynamic
consolidation tests of soil. In these tests, pressures as high
as 20,000 psi were obtained on four inch diameter specimens.

11. REFERENCE: The Project Report on this device will be
incorporated with the final report on Contract AF29(601)-6101.
This report will also cover the 7 cell loading device being con-
structed at the University.
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1-4

1. TITLE AND/OR TYPE: 12-Inch-Diameter Vertical X-Ray Shock Tube

2. LOCATION: Eric H. Wang Civil Engineering Research Facility
Area Y
Sandia Base, New Mexico

3. OWNER: U. S. Air Foice

4. LOADING CHARACTERISTICS:

a. Type Wave: Plane Wave

b. Pressure: Minimum (psi) 0 Maximum (psi) 200

c. Rise Time: A few microseconds, variable

d. Decay Time: Exponential decay with durations up to 50
milliseconds

5. PHYSICAL DESCRIPTION (Figure 79):

a. Diameter: 12 in I.D.

b. Height: 65 feet

c. Other: Utilizes a four foot transition section to a rectangular
dimension 7 inch by 18 inch. This is supported by a
steel structure so designed to accommodate a 7 inch by
18 inch by 36 inch deep soil bin. A specially designed
concrete massive foundation is incorporated which
allows an Elfdyne shock absorber system to support the
soil bin.

6. DRIVER: Primacord

7. CONTROLS. The UED-Ampex Control Center.

8. AVAILABILITY: Available to other goverment agencies and their
contractors. Contact Air Force Project Officer or the Facility Director.

9. OTHER CONSIDERATIONS: This tube and soil bin was designed to be
used with the Zenith Flash X-ray system to determine the feasibility of
using X-rays cr gaam rays for the study of soil dynamics.

10. DISCUSSION! Pilot tests were performed to assess the utility of
the Zenith Multiple Flash X-ray system (one picture frme per pulse)
in tracking the motions of buried lead pellets and objects in soil,
and in detecting density changes in soil. The first tests determined
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the quality of pictures (radiographic sensitivity) that could be
obtained through various thicknesses of soil. A 6- inch sample of dense
Ottawa sand attenuated the X-rays so that no usable radiograph was
obtained: however, in 6 inches of loose Ottawa sand radiographs were
obtained -- three frames for eich sample. Although readable radio-
graphs were available from these tests, it is evident that the contrast
and edge sharpness were insufficient to show the fine detail desired.

A very limited amount of quantitative radiographic information
was obtainable using the multiple flash X-ray system because of
inadequate X-ray intensity and resolution.

A considerable amount of qualitative information was obtained
which indicated that there are areas where the multiple flash X-ray
system can produce good resultL in its present form. Tests resulting
in large displacements or changes are easily radiographed and 4how
the desired gross details.

The pilot tests provided valuable information indicating how
scattering could be suppressed and showing the sample thickness and
density required for particular soil tests.

Investigation of other equipment indicates that an X-ray system
of the Field Emission type has the necessary characteristics for
making dynamic measurements in soils; namely, higher X-ray intensity,
shorter pulse widths, and a programmable pulse-repetition rate which
allows radiographing the interaction of the leading edge of a shock
front with a buried objezt.

A final report to assess the utility of X-ray techniques in soil
dynamics studies is being reviewed; it contains the various technical
objectives listed previously.

This device will be used to study the dynamic behaviour and
interaction of buried structures in a soil media which will include
(1) Strain, displacement and particle velocity, (2) Cratering
Phenomenon, (3) Wave Propagation and (4) Soil-Structure Interaction.

11. REFERENCE:

a. "Nuclear Weapons Effects Research ProRram in Protective
Structuees Under Technical Direction of the Air Force Weapons Laboratory",
Air Force Weapons Laboratory, Pages 145, 146, and 147 dated February
1966.

b. Baker, Warren J., Research Assistant Engineer, University
of New Mexico, "AFWL, Air Force Shock Tube Facility - High Speed X-ray
System," peges 4,5, and 6, Non-dated Unpublished Report.
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J-4

1. TITLE AND/OR TYPE: University of Arizona Plane Wave Generator

2. LOCATION: The University of Arizona
College of Engineering
Engineering Research Laboratories
Tucson, Arizona 85721

3. OWNER: University of Arizona

4. LOADING CHARACTERISTICS:

a. Type Wave: Plane Wave

b. Pressure: Overpressure
Minimum (psi) 0 Maximum (psi) 50

c. Rise Time: Variable from less than one millisecond tc over
one-tenth of a second

d. Decay Time: Variable - The decay is essentially exponential:
the decay time being controlled by adjustable
exhaust valves.

5. PHYSICAL DESCRIPTION (Figure 80): The main body of the Generator
is an 8.5 foot tank with a 30 inch inside diameter moUnted vertically
on a 3000 pound portable concrete base. Rubber bushings are used in
the mounting assembly for shock isolation. Major access to the
chamber is obtained by unbolting the top section of the tank and
rolling the bottom section which is the soil bin, horizontally, thereby
exposing the 30 inch soil bin. There is also a 14 inch diameter access
hole in the bottom of the soil bin, as well as two four inch diameter
access holes and windows in the top section and various instrumentation
ports in both sections.

6. DRIVER: The driver is a hydrogen-oxygen explosion detonated by an
electric spark. Predetermined quantities of hydrogen, oxygen and air
(the air is for rise time control) are measured In the three auxiliary
tanks on the side of the chamber and are fed through the firing head
into an evacuated plastic bag inside the chamber. There in also a
mechanical driver consisting of a 50 gallon auxiliary high pressure
air tank with a large (16 inch diameter) fast release valve that
mounts inside the top section of the chamber.

7. CONTROLS: The explosion in detonated by an electric spark which
Is triggered by the same switch that starts the recordinR instruments;
a time Jolay on the spark enables the instruments to record the initial.
conditions.
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8. AVAILABILITY: Yes, by a service or research contract.

9. OTHER CONSIDERATIONS: The instrumentation and recording consists
of two statham pressure transducers (0 to 50 psi), two Tektronix
dual beam oscilloscopes with cameras, one six-channel Brush recorder
and two dual-channel Sanborn recorders. The mechanical driver has
approximately the same range of rise times, peak overpressures, and
decay times as the hydrogen-oxygen driver. Both drivers give very
good reproducibility, with the explosive gas replication being within
10Z from test to test.

10. DISCUSSION: The University of Arizona Plane Wave Generator has
been used to test yielding membrane structures above and below ground.
The investigations being made to determine the effect of depth of
burial and relative structure flexibility on the percentage of load
carried by the structural elements. This simulator has also been
used for studies on soil pressure redistribution on flexible roof
panels and soil arching studies of the "Terzaghi Trap Door" type.
The simulator will be used for general parameter studies.

11. REFERENCE: Linger, Don A., "Univertity of Arizona Plane Wave
generator," Tuscon, Arizona, pages 1 and 2, 6 August 1964.
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VC-4

1. TITLE AND/OR TYPE: WES - 4-Foot-Dismeter Blast Load Generator
(SBLG)

2. LOCATION: U. S. Army Engineer Waterways Eaperiment Station
Corps of Engineers
Vicksburg, Mississippi

3. OWNER: U. S. Army

4. LOADING CHARACTERISTICS: (see discussion)

a. Type Wave: Plane (+ 10%)

b. Pressure: Minimum (psi) 10 Maximum (psi) 250
Static pressure - 0 to 500 psi

c. Rise Time: 4 to 5 masec

d. Dwell Time: None

e. Decay Time: In excess of 2 seconds (uncontrollable)

5. PHYSICAL DESCRIPTION (Figures 81 & 82): (see discussion)

a. Diameter: 46-3/4 in. (I. D.)

b. Other: Over-all height of specimen is variable from 6 in
to 20 ft.

6. DRIVER: Hot Lases from the electric detonation of PMTN in the
form of ptimacord for dynamic pressures. Water or nitrogen Sas is
compressed to the desired pressure for static pressures.

7. CONTROLS: Rise-time of the pressure is obtained by the detonation
of the explosive charge. No provisions are available to control decay
of the pressure.

8. AVAILABILITY: The ;. S 4-foot diameter blast load generator (SEA)
is aormally scheduled fi-• full-time use on Waterways Ixperiment
Station testing prograu; however, testing that is considered to be
within the capabilities of the generator may be conducted for other
interested agencies on a priority basis. Inquiries rhould be sent to:
Director, U. S. Army blneer Waterways ftperiment Station, P. 0.
631, Vicksburg, Ktastsisppi 39181.
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9. OTHER CONSIDERATIONS: The SBLG is a companion item of equipment
with the WES large Blast Load Generator and is used to evaluate
designs and to verify design procedures for underground protective
structures.

10. DISCUSSION: The SBLG is located within the Blast Load
Generator building at WES. The SBLG consists of a 9/16 inch
thick steel cylindrical shell with an elliptical dome top, or bonnet.
The dynamic bonnet is shown atop the rigid botton (Figure 81). The
shell or test chamber is comoosed of a series of rings which are
bolted together to allow the depth of the soil sample to be varied.
The rings and the bonnet are fastened together by forty 1-1/8 inch
threaded studs and nuts per ring. Sealing is provided by 0-rings
in the separating flanges.

l concrete foundation to support the generator is 9 1/2 feet
thick and his three anchorage locations, i.e , two rigid bottoms and
onE infinite bottom, see Figure 82. One of tne rigid bases has a
flat concrete interface at the base and the other pruvides an anchorage
for a cylindrical ring having 2 flat steel bottom plate one inch thick
and heavily stiffened. In the center of the steel bottom a trap-door
can be mo1.nted (maximum diameter 6 in.) and at various locations
on the plate pressure transducers can be mounted. The infinite bottom
is a steel lined hole in tVR base, 9.5 feet deep. The interface between
soil specimen and base is the sub-soil which is clay. With this base,
a specimen up to 20 feet long, 46-3/4 inches in diameter, aiid with
essentially ao horizontal reflecting interface ca- be tested.

Tha d:v--nic boi iet (Figure 81) houses two firing tubes surrounded
by a baffl, Vrid. The detonation of explosives in the two firing
tubes gert es pressure which loads the soil surface. The baffling
grid breaki up the shcek fronts an-' helps to form an essentially
plane wave over the sar.le surface.

The SBLG is equipped with two quick-opening valves which can be
timed to open aut'maticaily at 0.3, 0.6, 0.9, 1.2, 1.5 or 1.8 seconds
after firing, or they can be operated manually. The body of the
generator contains about (depending on the type base usid) 10 p-orts
for the insertion or mounting of pressure transducers, accelerometers,
and other instcumentation.
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L"4

1. TITLE AND/OR TYPE: WES - Large Blast Load Generator (LBLG)

2. LOCATION: U. S. Army Engineer Waterways Experiment Station
Corps of Engineers
Vicksburg, Mississippi

3. OWNER: Defense Atomic Support Agency (DASA)

4. LOADING CHARACTERISTICS: (see discussion)

a. Type Wave: Plane (+ 502 at peak pressure)

b. Pressure: Minimum (psi) 30 Maximum (psi) 450
Static loads up to 1000 psi could be sustained by
modifications of the facility.

c. Rise Time: 2 to 4 usec

d. Dwell Time: None

e. Decay Time: Approaches 2 seconds (uncontrollable)

5. PHYSICAL DESCRIPTION: (Figures 83 & 84): (see discussion)

a. Diametar: 23 ft (O.D.)
22 ft, 10 in. (I.D.)

b. Other: Available surface area - 410 sq. ft. Available
depth for soil and test specimen - 10 ft.

6. DRIVER: Hot gases from the electric detonation of PETN in the
form of pritacord for pressure up' to 250 psi. Combination of prima-
cord and gawkeless piston powder for higher pressures.

7. CONTROLS: Rise-time of the pressure is obtained by the d&tWtion
of the explosive charge. No provisions are available to control 4ecay
of the pressure,

8. AVAILABILITY: The WES large Blast Load Generator (LBLG) In
normally scheduled for full-time use on Waterways Experiment Statiou
testing programs; however, testing that is considered to be within
the capabilities of the generator may be conducted for other interested
agencies on a priority basis. Inquiries should be sent to: Director,
U. S. Army Engineer Waterways Uxperiment Station, P. 0, Box 631. Vicke-
burg, Mississippi 39181.
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9. OTHER CONSIDERATIONS: The LBLG is a companion item of equipment
with the WES 4-foot generator and is used to evaluate designs and to
verify design procedures for underground protective structures.

10. DISCUSSION: The Blast Load Generator consists of two basic
components; the central firing station and the test chambers. The
central firing station ia a massive, post--tensioned, prestressed concrete
reaction structure designed to resist the large dynamic or static loads
generated in the test chamber. The test chambers are cylindrical,
steel bins 23 feet O.D., 22 feet 10 inches I.D., that contain the test
media and test structures. A test chamber consists of three "C" rings
that stack to a height of 10 feet, one "B" ring that contains the
firing tubes and one "A" ring that is a telescoping type lid. The "A"
and central firing station and test chamber are housed in a large
laboratory building equipped with overhead cranes, special handling
equipment, instrmentation and offices.

The platen which supports the test chamber is drawn into the
tunnel of the central firing station. The rails supporting the
platen are lowered so that the bottom of the platen can rest in in-
timate contact with the flooz of the firing station. Nitrogen gas
under pressure is allowed to flow into a circumferential slot in the
"B" ring. The pressure thus forcing the "A" ring upward in a tele-
scope fashion and i-.sures that the flat top of the "A" ring is in
intimate contact with the roof of the central firing station.

Heavy blasting mats are hung at both ends of the tunnel as a
safety precaution against such flying objects as exhaust valves that
could be ejected from the test chamber during tests.

The explosives in the firi.ng tubes are fired electrically by a
standazd engineer cap connected to a leader strand of primacord. The
leader strand is connected to individual strands of primacord that
lead to each tube.

Upon completing a test, the "A" rx,_ is lowered and the entire
test chamber is raised by the rail lift system and moved from the
central firing station. The "A" ring is removeC and the tubes are
e~ulned to determine if all the explosives have been burned. If
no further tests are to be conducted the soil and test specimens are
removed and the chamber readied for future use.

The device is used in investigation of the folloving:

a. Studies in the design and analysis of tte respones of under-
ground scructures to dynamic loads:

1. Effect of the shape of the structure.
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2. Effect of the ratio of span length to depth of burial.

3. Effect of the rptio of span length to the over-all
length of the structure.

4. Effect of structural flexibility.

5. Effect of the ratio of the duration of the loading to
the period of the structure.

b. Studies in the response of various types of soils to

dynamic loads.

c. Studies of shock isolation methods.

d. Studies of stress wave propagation in soils.

e. Studies of blast-closure devices.

f. Studies in the design of entrance ways and entrance closure
methods.
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M-4

1. TI'.'LE AND/OR TYPE: USAF 2-Foot-Diameter Vertical Shock Tube

2. LOCATION: Eric H. Wang Civil Engineering Research Facility
U. S. Air Force
Area Y
Sandia Base, New Mexico

3. OWNER: U. S. Air Force

4. LOADING CHARACTERISTICS:

a. Type Wave: Plane Wave

b. Pressure: Minimum (psi) Maximum (pai)
Reflected 500
Incident 250

c. Force: Minimum (Ibs) Maximum (lbs)

d. Rise and Decay Time: The wave is peaked and decays
exponentially with a duration of 20 milliseconds.

5. PHYSICAL DESCRIPTION (Figures 85 & 86):

a. Diameter: 2 foot O.D.

b. Height: 40 feet

c. Other: The tvLe is supported by a steel frame which is
bolted to a massive concrete foundation. It is
guyed with steel cable with dead men anchors. A
stairway to the top is provided with three landings.

6. DRIVER: Primacord is used on a cardboard form and affixed to the
tube top opening. At times the primacord is suspended by a cable for a
variance in shot configurations and durations, The tube is fired with
both ends open.

7. CONTROLS: UED-Aapex Control Console

8. AVAILABILITY: Available to other government agencies and to
contractors of the Unitad States Government on contracts requiring the
use of and within the limitations of the tube. Schedu•ing is controlled
by the Air Force Project Officer, and the Director of the Facility.
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9. OTHER CONSIDERATIONS: The tube has a 2 foot diameter by 4 feet
deep soil bin mounted on a shock resistant device.

10. DISCUSSION: The tube was used in a study involving the locking
medium concept and the gross behavior of a plane incident shock wave
was required. Shock wave amplitude and shape prior to reflection from
a soil surface and immediaEely after reflection were also required.
Of interest too, was the motion of the soil surface. Gauge develop-
ment and tests on small buried structures has utilized the tube.

11. REFERENCES:

a. Hampton, Delon, "A Study of Pore Air Pressure Generated in
Soil Subjected to Air Shock Waves," WL TDR 64-3, Contract AF 29(601)-
6002, Air Force Weapons Laboratory, Kirtland AFB, New Mexico,
October 1964.

b. Mahoney, James A., "The Air Force Shock Tube Facility,"
Civil Engineering Branch, Air Force Weapons Laboratory, Unpublished
Report, June 1964.

c. Pantall, Jack T., Capt, USAF, "AF Shock Tube Facility
Operations," Civil Engineering Branch, Air Force Weapon& Laboratory,
Unpublished Report, Pages 12 and 13, January 1962.
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A-5

1. TITLE AND/OR TYPE: AFWL Gas Bag Program

2. LOCATION: Eric H. Wang Civil Engineering Research Facility
Area Y
-Sandia Base, N. , Mexico

3. OWNER: U. S. Air Far;e through DASA Funding

4. LOADING CHARACTERISTICS:

a. Type Wave: Traveling wave

b. Pressure: Minimum (psi) Maximum (psi) in excess of 1000

c. Rise Time: Instantaneous

d. Duration: Variable to simulate up to one magaton.,

5. PHYSICAL DESCR1TION (Figure 87)'

a. Phase I. This consisted cf a concrete walled 20 foot by 40
foot by 10 foot tank and having an earth bottom. A plastic bag was
inflated with an explosive gaseous mixture of hydrogen and oxygen to
a depth of two feet from the bottom. Steel plate panels were layed
across haunches provided at the concrete walls. A layer of sheets of
sterofoam was used for a chafe proof surface for a plastic liner to
contain the water surcharge. Later shots ,used wooden box panels
in place of the steel panels.

b. Phase II. This consisted of an area of 97 feet by 151-feet.
A pit was-dug and around the perimeter 10 gauge steel interlocking
sheet piling was driven 5 feet into the ground leaving 11 feet extended
above the ground surface. A surcharge retention structure was erected
within the steel pile perimeter. This structure consiated of 3 in. X
6 in. footing, 5-2" X 12" pieces bolted together formed the girders.
The girders ran longitudinally and were spaced at 8 feet centers except
that the two outer spans were at 4 feet spacings. Primacord matrixes
on wooden frame panels were placed on haunches formed by the short
colimns. Then spanning the girders in the transverse direction were
the retention panels which consisted of 1/2" plywood sheet bottom,
2 in. by 8 in. joists, and 3/4 in. plywood sheet top. Betveen the
panel joists sand was placed at a density of 105 poundshuhic foot.
Thet distance from ground level to the bottc.. of the panel was approxi-
mately 3 feet and the pricacord was placed at the 2/3 point from ground
level. The panels were made in 6 different size diaeusions, the largest
panel being 4 feet by 16 feet, joints staggered. Upon the panels was
placed a 5 foot surcharge of selected sand at a density of 105 pounds/
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cubic foot., 100 feet down stream from the ignition end a scaled
reinforced concrete model structure was constructed. Instrumentation
was included but can be found in other repor.s to be published in
the near future by AFWL-Civil Engineering Branch.

6. DRIVER: A gaseous mixture of hydrogen and oxygen and primacord

matri&.

7. CONTROLS: AF Weapons Laboratory Instrumentation Trailer

8. DISCUSSION: The Teoi "GAS Bag" is used in the title because it
is well known by everybody connected to the simulation field. Actually
only a few tests were run in the Phase I series using the gas bag
principle. Primacord has been used both in the Phase I and II series.
The University of New Mexico operating contractor of the Wang Civil
Engineering Research Facility is carrying on with the Phase I and II
series of tests. A Phase Ha is currently being planned and will
incorpqrate other underground Rhaped structurbuo

A Phase III series of tests is contemplated which will be "full
scale tests" funded complecely by the Air Force. BSD has prograumed
tests on a constructed missile complex. Phase I and II were funded
by Eq DASA.

9. REFERENCES-:

a. D'Arcy, G. P. Capt, USAF and Auld, H. E., Capt, USAF,
"Interium Progress Report on the Study of Simulation of Air-Blast
Induced Ground Motions," Air Force Weopons Laboratory, Research &
Technology Division, Air Force Systems Command, Kirtland Air Force
Base, New Mexico, pages 1, 5, 6, 7, and 8, 15 June 1964.

b. Project AFWL-1 Plans & Specifications for Construction of
Phase II, Prepare & Designed by the Civil Engineering Branch of the
Air Force Weapons Laboratory, Kirtland Air Force Base, Now Mexico,
October 1964.

C. D'Arcy, G. P., Capt, USAF G Clark, R. 0., Univ-rsity of
New Mexicc, "Simulation of Air Shocks with Detonation Waves, AlF,2L-
TR-65-9 Kirtland AF Base, New Mexico" (to be published).

d. D'Arvy, G. P., Capt, USAF, Auld, H. F., Capt, USAF, and
Leigh, G. G., Capt, USAF "Siaulation of Air-Slut Induced Ground
Motion (Pha&se I) AFN! TR 65-11, Kirtland A? Bass, New Nexico (being
published).
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B-5

1. TITLE AND/OR TYPE: Atomic Blast Simulator

2. LOCATIONs U.S. Naval Civil Engineering Laboratory
Port Hueneme, California

3. OWNERs U. S. Navy

4. LOADING CIARACTERISTICSt

a. Pressure: Minimum (si) 3M Maximum (psi) 185

b. Rise Times Adjustable from 0.75 to 3 milliseconds, longer if
desired.

c. Dwell Time: Varial'le

d. Decay Time: Approximates equation p-p (1-t) e

e. Durations 0.4 to 7.0 seconds

5. PHYSTf'AL DESCRIPTION (Figure 88)

a. Heights 7 ft

b. Lengths 19 feet

c. OtJiro The main ptesture chamber has a diameter of
approximately 2 feet. The slotted plates is 2 1/2 inches
thickj welded to each side of this plate and extending
downward are 1 1/4 inch thick plates referred to as skirts.
Sti!fner ribs resembling horse collars are placO4 at intervals
of 17 inches along the length of the simulator. .hese ribs
reinforce the pressure chamber and the. skirts.

Inside the pres3ure chamber is a baffle assembly dividing
the main chamber into smaller chambers for the purpose of
preventing reverberations.

6. DRIVER: Primacord detonated within a firing tube*

7. CONRTOLs On the exterior of the simulator, spaced at equal
intervals along both sides of the pressure chamber are 22 quick-
opening pressure relief vlve$s which are actuated by solenoids.

8. AVAILABILITY: Available by arrangement. see address above.
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9. OTHER CONSIDERATICNS: The blast simulator is positioned over a
pit 9 feet wide, 10 feet long and 12 feet deep. The pit is
necessary for the testing of structural frames. Further, the pit
accommodates extensions (6 feet by 10 feet) to the skirts which
permits the testing o! structural arche3 and model structures buried
in soil. The pit is covered when beams are tested.

10. OISCUSSION: A track below the skirts o! the simulator exL-qnds
26.5 feet beyond one end of the simulator ond is embedded ,.n the
concrete. Two carts, which serve as reactions for the test beamz,
move on the track and provide a means of moving the test beam into
position between skirts. Various structural configuratlonrs and
systems can be tested ii the simulator including beamns, frames,
arch sections, structural connections, and model structures buried
in soil. Because of the physical dimensions of the simulator, test
elements cannot exceed a width of 8 inches. Beams may vary in depth
from 8 inches to 14 inches and can be reinforced concrete or steel.
Rigid frames can have a maximum column length of 8 feet and a span
of 12 feet. Arch shaped structures may be tested in either its
normal position or rotated 90 degrees in a vertical plane. The
maximim spans of the arches thet can be tested in the two positions
are 9 feet 6 inches and 13 feet 10 inches re3pectively. The
simulator is capable of testing structural models buried in a soil
medium. These models can be either reinforced concrete or steel.
They may have spans of 3 feet to 4 feet and a rise of 1 foot to
2 feet.

11. REFERENCEs Allgood, J.R., Shaw, W.A., "An Atomic Blast Simulator,"
U.S. Naval Civil Engineering Laboratory, Port Huensme, California,
pages 2, 3, 4, and 5. No date.
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C-5

1. TITLE AND/OR IYPE: Drop Tower (WES)

2. LOCATION: U. S. Army Engineer Waterways Experiment Station
Corps of Engineers
Vicksburg, Mississippi

3. OWKER: U. S. Army

4. LOADING CHARACTERISTICS:

a. Pressure: (Energy Available) Maximum (ft-lb) 40,000

b. Force: ?Vf.nimum (lb) 450 Maximtum (lb) 2,300

c. Rise Time: Varies, depending upon material being tested.

5. PHYSICAl DESCRIPTION: (Figure 89): Drops the variable weight
between 0 and 17 ft.

6. DRIVEk: Gravity

7. CONTROLS: A helicopter release ho-k operated off a 22-volt
battery releases the mass. The load and strain are measured with an
oscilloscope. An electric eye triggers the scupe. Load can either
be measured with an accelerometer or load cell. Strain gages
measure strain.

8. AVAILABILITY: The drop tower is normally scheduled for full-
time use ov. Wateiways Experiment Station testing programs; however,
testing tbat is considered to be within the capabilities of the
tower may be conducted for other interested agencies on a priority
basis. Inquiries should be sent to: Director, U. S. Army Engineer
Waterways Experiment Station, P. 0. Box 631, Vicksburg, Mississippi
39181.

9. OTHER CONSIDERATIONS: The rise time may be varied, dependiig upon
height of drop and weight of the miss and mitigating material between
ass* and specimen. For instance, the rise time of concrete may be
varied from I to 8 mailiseconds.

10. DISCUSSION: The drop tower is located within the Concrete
Division building at WES's Jackson Installation. The device is
used primarily to obtain dynaeic stress-strain relationships of
concrete in compression.
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D-5

1. TITLE AND/OR TYPE: fligh-Uplosive Test Site (Concrete Pad)

2. LOCATION: Lovelace Foundation for Medical Education & Research
Sandia Base Laboratory
Albuquerque, New Mexico

3. OWNER: lovelace Foundation

4. LOADING CHLUACTfiSTICS: Data not available.

5. PHYSICAL DESCRIPTION (Figures 90 & 91):

a. Diameter: 60 feet - 6 inches thick

6. DRIVER: H-E with charges ranging from 0.5 oz. to 64 pounds

7. CONTROLS: 7 X 12 foot underground bunker for recording instrunents
located 84 feet from the center of the pad.

8. AVAILABILITY: Available to a goverument agency with the consent
of the Director of the Defense Atomic Support Agency and Dr. C. S. White
of the Lovelace Foundation.

9. OTHER CONSIDERATIONS: Included at this site are camera towers
and an abone ground control buaker. Pressure-gauge uounts are located
in the lids of steel boxes flush with the surface of the ped along
several radii. Conduits embed4ed in the concrete carry the gauge-
leads from these boxes to the recorders In the underground bunker. A
similar syste of conduits extend from the underground bunker to the
area adjacent to the concrete pad for tests conducted on or over soil.

10. REFERENCE: DASA-AEG-Lovelace Foundation Blest-Simulator Factiitieo"
Sandia Base, Albuquerque, New Mexico, Report transmitted by ltr dated
7 April 1965 from Dr. D. Richmord, page 3, author and date not available.
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E-5

1. TITLE AND/OR ITPE: IIT Research Institute Dynamic Soil Facility

2. LOCATION: lIT Research Institute
Technology Center
Chicago, Illinois

3. OWNER: lIT Research Institute

4. LOADING CHARACTERISTICS:

a. Pressure: Minimum (psi) 0 Maximum (psi) 530 peak

b. Rise Time: 6 milliseconds

c. Dwell Time: An overpressure of approximately 240 psi is
ma, tained steady after 100 milliseconds.

5. PHYSICAL DESCRIPTION (Yigures 92, 93, 94 & 95): The facility is
built around a 48 inch diameter cylindrical tank approximately 6 feet
deep. The loading system for applying the dynamic overpressure to
the surface of the soil consists of a cylindrical pressure chamber
(18 inches in diameter by 36 inches long with 1 1/8 inch thick walls)
for providing the driving pressure and a conical shaped transition
section (18 inch upper diameter, 48 inch lover diameter, 38 inches
long, with 1 1/8 inch wall thickness) connecting the pressure chamber
to the vessel tontaining the soil. This conical shaped section can
be filled with water to any desired level. The water acts to distri-
bute the dynamic pressure pulse uniformly across the soil surface. A
flexible rubber diaphraa-t is employed between the conical section and
the soil tank to prevent the water from entering the soil pores. A
thin (0.030 to 0,040 inches thick) steel diaphragm .'s used between
the cylindrical chamber and the conical section to :t.tain pressurized
gas In the upper chamber.

6. DRIVER: The conical shaped transition section Is first filled
with water to a level approximately 6 inches balov the steel diaphragm.
This 6 inch air space allows the diaphrep to deafrm freely without
conta.ting the water as the upper chamber is pressurtied with nitrcgen
gas to the valve necessary to produce the desired mgnitude of soil
overpressure. In order to rapidly release the pressure to the upper
chamber anO transfer it to the surface of the soil, the st.ci diaphragm
is ruptured by detonating four 6 inch lengths of 25 grain primaeord.

7. AVAILABILITY: Contact Dr. E. T. Selig at the above address.
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u . O~eral Height 13 ft.

Soil Tank Diameter 4 ft.

Cylindrical Pressure Chamber -- &4

Steel Diaph rag•m

Conical Water Chamber --moo

Rubber Diaphragm.

Soil 4U,-ni1<

FIGURE 92. IIT RESEARCH INSTITUTE DYNAMCr

SOIL LOADER
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S.... ... e. Diaphragm .

Conaical Water Chamber

F:GURE 93. CLOSE-UP SHOWING STEEL

DIAPHRAGM IN PLACE
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8. OTHEP CONSIDERATIONS: FM record amplifiers having a frequency
response of 0-10 Kcps are used in conjunction with quartz piezo-
electric Kistler ,ressure gauges and scil transducers and recorded
on an Ampex Mode, .2-200 rnd on Ampex Model FR-11000 tape recorders.
Also available are three Tektronix type 502 dual beam oscAlloscopms
with C-12 Polaroid cameras and two Consolidated Electrodyramics Corp.
type 5-124 oscillographs.

9. DISCUSSION: The dynamic soil facility his 'een employed in an
investigation to determine the influence of an encompassing layer of
energy absorbing isolation material on the response characteristics
of tunnel models buried in soil.

10. REFERENCE: Marino, Jr., Robert L., "lIT Research Institute,
Description of Facility for Generating Dynamic Soil Overpressures,"
Unpublished Report, pages 1, 6 & 9, 1964.

204



F-5

1, TITLE AND/OR TYPE: Lockheed Shock Tunnel

2. LOCATION: Lockheed-Georgia Company
Division of Lockheed Aircraft Corporation
Marietta, Georgia

3. OWNER: Lockheed-Georgia Company
OPERATOR: Lockheed-Georgia Company

4. LOADING CHARACTERISTICS:

a. Type Wave: Step-shaped or "square," limited tailoring of
wave shape can be accomplished by moditication
of tube.

b. Pressure: Minimum (psi) Maximum (psi) 22,000
Designed for 30,000

c. Duration: 1/10 of a second

5. PHYSICAL DESCRIPTION (Figures 96 & 97): The shock tunnel is
divided into three sections; 1) Driver Tube is 14 feet long with an
internal diameter of 3.5 inches and an external diameter of 10 inches.
2) The driven tube is 28 feet long with an internal diameter of 3.0
inches and an external diameter of 8 inches. Both tubes are fabri-
cated from 4340 steel, and the driver tube contains a liner of
austenitic steel for protection against hydrogen embrittlement.
3) The expansion nozzle is a conical section with an included angle
of 15 . It rerminates in the 36-inch diameter test section. 4) The
overall length of the tube is 62 feet.

6. DRIVER: Helium or Hydrogen 1st driver section; normally air 2nd
driver section.

7. CONTROLS: Energy is stored in the form of high pressure gas in
the driver or extreme upstream portion of the shock tube. Upon
reaching the desired conditions in the driver, a diaphragm is ruptured-
causing a shock wave to progress into the low pressure, or driven gas
portion of the tube. This shock wave acts somewhat like a piston -
compressing and heating the driven gas. Shock comrression, however,
results in much higher temperatures than could be obtained by more
cunvenkional mechanical compressors. The driven gas, or gas com-
pressea and heated by the shock wave, then becomes the working gas
of the tunnel.

8. AVATLAB7LITY: Inquiries for usage should be directed to
Lockheed-Georgia Company. Attn: Mr. B. H. Little, Jr., Mariettc,
Georgia 30061
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9. DISCUSSION: The purpose of the shock tunnel is to simulate, in a
ground facility, the flight environment for the aircraft and spacecraft
of the future. The success of these advanced vehicles will depend in a
large ueasurs on how well their aerodynamic problems are anticipated and
solved in such facilities as the shock tunnel.

10. REFER•MCE: Little, Jr., B. H., "Tunnel to Space," printed in the
Lockheed Georgia Quarterly, harietta, Georgia, Vol I, No. 2, Sprtng,
1964 Issue, pages 16, 17, 18, 19, 20 and 21.
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G-5

1. TITLE AND/OR TYPE: Long-Duiration Dynamic Loader

2. LOCATION: Unitcd Research Services
formerly Broadview Research Corporation
1811 Trousda],e Drive
Burlingame, California

3. OWNER: United Research Services

4. LOADING CHARACTERISTICS:

a. Type Wave: Step pulse

b. Pressure: Minimun (psi) Maximu• (psi) 200 in chamber

c. For%:e: Minimum (lbs) Maximum (ibs) 57,000

d. Rise Time: Approximately 1 millisecond

e. Dwell Time: Continuous as desired

5. PHYSICAL DESCRIPTION (Figures98 & 99): This is a vertical labora-
tory type shock device with a dome shaped compression head which is
detachable and moveable from the soil container. Tha device will load
a 19 inch diameter, 7 foot long soil sample. Aa acetate diaphragm is
placed between the compression and expansion chambef. and the loader
is then clamped to the soil bin.

6. DRIVER: Compressed air

7. CONTROLS: Electro-mechanical rupturing of bursting diaphragm.

8. AVAILABILITY: Presently in use, cor tact Mr. William L. ID.rbin
at above location.

9. DISCUSSION: This device wes designed and built at UIS and was
based on a design developed under Contract DA 49-146-XZ-019 vith thi
Defense Atomic Support Agency.

10. RZFEREN•E: Mason, R. CG., Criner, 0. H., Walsear, RL, • Vllace,
N. R., "A Study of the Dynaic Soil-Structure InteractioD Charctet;stIcs
of Real Soil Media," United Research Services, 6urlinume, California
RTu-TDS 63-3057. papt 70 and 21. December 1963.
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FIGURE 98, URS LONG-DURATION DYNAMIC
LOADER DISASSEMBLED



FIGURE 99. DYNAMIC LOADER PREPARED FOR

FIRING
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H-5

1. TITLE AND/OR "APE: UED Dynamic Pressure Tank

2.- LOCATION: United Electro Dynamics, Inc.
200 Allendale Road
Pasadena, California

3. OWNER: U. S. Air Force

4. LOADING CHARACTERISTICS:

a. Type Wave: Spherical in nature

b. Pressure: Minimum (psi) - Maximum (psi) 1000

c. Rise Time: 15 to 50 milliseconds

d. Dwell Time: Variable

5. PHYSICAL DESCRIPTION (Figures 100 & 101): The tank is composed
of three basic elements: The high pressure tank, water chamber and
the soil chamber. It is 3 feet in diameter and the soil chamber is 3
feet deep.

6. DRIVER: Compressed air

7. CONTROLS: Falling weight punctures carbon diaphragm allowing
compressed air to fill void above water line.

8. AVAILABILITY: This device is being transferred back to the Air
Force and will be located at the Air Force Shock Tube Facility some-
time in the fall of 1965. It will be available to other government
agencies and to contractors of the United States Government on
contracts requiring the use of and within the limitations of the
vessel. Scheduling is controlled by the Air Force Project Officer
and the Director of the Faciiity.

9. OTHER CONSIDERATIONS: The tank is operated by filling the high-
preasure tank with compressed air to some selected pressure and
actAvating a bursting mechanism which ruptures the burst diaphragm.
This process rapidly applies a high pressure over the small- area at
the top of the water chamber which is transmitted hydraulically over
the surface of the soil. The pressure wave, originating at the neck
of the test vessel, thus becomes an input to the soil where instru-
mentation is located to measure its effect.
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10. DISCUSSION: Ottawa Sand (20-30) has been used as the soil

medium. The vessel has been used for free field gauge development
and evaluation.
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Gage and Test Results in a New 1,000 PSI Dynamic Pressure Tank,"
United Electro Dynamic, Inc., Pasadena, California, pages 4, 5,
and 6, 17 November 1960.

b. Winston, T., "Research Studies on Free-Field Instrumentation -

Final Report," AFSWC-TR-60-55, Kirtland Air Force Base, New Mexico,
19 December 1960.
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